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RETROVIRAL PROTEASE IMrllr ITORg AND COMBINATIONS THEREO F 

This application is a continuation-in-part of co- 
owned and co-pending Patent Application Serial No. 
5 08/109,787, filed August 20, 1993, which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention relates to selected 
retroviral protease inhibitors and combinations of 
retroviral protease inhibitors which are effective in 
preventing the replication of mammalian retroviruses, 

15 such as human immunodeficiency virus (HIV) . More 

particularly, the present invention relates to novel • 
compounds, compositions, combinations of compounds and 
methods for inhibiting retroviral proteases. This 
invention, in particular, relates to urea-containing 

2 0 hydroxyethyl amine protease inhibitor compounds, 

compositions, comb-mat icns of such compounds and method 
for inhibiting retroviral proteases, such as HIV 
protease, and for treatment or prophylaxis of retroviral 
infections, such as HIV infections. The subject 

25 invention also relates to processes for making such 
compounds as well as to intermediates useful in such 
processes . 

1 wo 1 pt r a rf 



30 During the replication cycle of retroviruses, gag 

and gag-pol gene transcription products are translated 
as proteins. These proteins are subsequently processed 
by a vi rally encoded protease (or proteinase) to yield 
viral enzymes and structural proteins of the virus core. 

35 Most commonly, the gag precursor proteins are processed 
into the core proteins and the pel precursor proteins 
are processed into the viral enzymes, e.g., reverse 
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transcriptase and retroviral protease. It has been 
shown that correct processing of the precursor proteins 
by the retroviral protease is necessary for assembly of 
infectious virons. For example, it has been shown that 
5 frameshift mutations in the protease region of the pol 
gene of HIV prevents processing of the gag precursor 
protein. It has also been shown through site-directed 
mutagenesis of an aspartic acid residue in the HIV 
protease active site that processing of the gag 

L0 precursor protein is prevented. Thus, attempts have 

been made to inhibit viral replication by inhibiting the 
action of retroviral proteases. 

Retroviral protease inhibition typically involves a 
transition-state mimetic whereby the retroviral protease 

.5 is exposed to a mimetic compound which binds (typically 
in a reversible manner) to the enzyme in competition 
with the gag and gag-pol proteins to thereby inhibit 
specific processing of structural proteins and the 
release of retroviral protease itself. In this manner, 

0 retroviral replication proteases can be effectively 
inhibited. 

Several classes of mimetic compounds have been 
proposed, particularly for inhibition of proteases, such 
as for inhibition of HIV protease. Such mimetics 

5 include hydroxyethylamine isosteres, reduced amide 

isosteres and non-peptide isosteres. See for example, 
EP 0 346 847; EP 0 342,541; Roberts et al, "Rational 
Design of Peptide-Based Proteinase Inhibitors," Sci°nrp . 
248, 358 (1990); Srickscn et al, "Design Activity, and 

0 2.8A Crystal Structure of a C2 Symmetric Inhibitor 

Complexed to HIV-1 Protease," Scignrc? . 249, 527 (1990); 
and S. Thaisrivongs, " Structure-3ased Design of Non- 
Peptide HIV Protease Inhibitors," 35th Annual Buffalo 
Medicinal Chemistry Meeting, State University of New 

5 York at Buffalo, 3uffalo, NY, May 22-25, 1994. 

Several classes of mimetic compounds are known to 
be useful as inhibitors of the proteolytic enzyme renin. 
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See, for example, U.S. No. 4,599,198; U.K. 2,184,730; 
G.B. 2,209,752; E? 0 264 795; G.B. 2,200,115 and U.S. 
SIR K725. Of these, G.B. 2,200,115, GB 2,209,752, E? O 
264,795, U.S. SIR H725 and U.S. 4,599,198 disclose urea- 
5 containing hydroxyethylamine renin inhibitors. However, 
it is known that, although renin and KIV proteases are 
both classified as aspartyl proteases, compounds which 
are effective renin inhibitors generally cannot be 
predicted to be effective KIV protease inhibitors. 
10 Copending application U.S. Serial Number 07/886,558 

filed May 20, 1992 and PCT/US/93 /04804 filed May 20, 
1993 also provide disclosures related to the present 
invention. 

15 BRIE? DESCRIPTION OF THE INTENTION 

The present invention is directed to virus 
inhibiting compounds and compositions. More 
particularly, the present invention is directed to 
20 retroviral protease inhibiting compounds, compositions 
and combinations of such compounds, to a method of 
inhibiting retroviral proteases, to processes for 
preparing the compounds and to intermediates useful in 
such processes. The subject compounds are characterized 

2 5 as urea-containing hydroxyethylamine inhibitor 

compounds . 

DETAILED DESCRIPTION OF THE INVENTIO N 

3 0 In accordance with the present invention, there is 

provided a retroviral protease inhibiting compound of 
the Formula ( I ) : 
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4 




(I) 

or a pharmaceutical^ acceptable salt or ester thereof, 
wherein R 1 is iso-propyl, sec-butyi, tert -butyl, 
5 -C(CH 3 )2(SCH 3 > , -C(CH 3 ) 2 (S{0}CH 3 ) or -C (CH 3 ) 2 ( S {0} 2 CH 3 ) ; 
and R 2 is N-methyi-L-aianinyl , N-methyl-D-alaninyl , 
glycinyl, N-methylglycinyi , L-prolyl, D-prolyl or L- 
isoleucinyl, each of which is optionally substituted on 
the nitrogen atom with benzylcxycarbonyl or tert- 
10 butoxycarbonyl . 

The present invention is also a method of treating 
a retroviral protease infection in a mammal, such as a 
human, monkey, cat and the like, suffering therefrom 
comprising administering a compound of the Formula (II) : 



15 




(ID 

or a pharmaceutical!'/ acceptable salt thereof, wherein 
R 1 is iso-propyl, sec-butyl, tert-butyl, -C (CH 3 ) 2 (SCH 3 ) , 
-C(CH 3 ) 2 (S{0}CH 3 ) or -C (CK 3 ) 2 ( S {0 2 }CK 3 ) , in an effective 
20 amount wherein the effective amount in the mammal 

comprises a combination of the compound of Formula II as 
defined above and a compound of Formula I also as 
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15 



20 



defined above, preferably for treating HIV retroviral 
infection. The compounds of this method preferably are 
of the Formula I and Formula II wherein R 1 is tert-butyl 
or sec-butyl; and R 2 is N-methyiglycinyl . 

More particularly, the present invention relates to 
a novel compound, butaneamide, 2-[(N- 
monomethylaminoacety 1 ) amino ] -N- [ 3 - [ [ [ ( 1 , 1 - 
dimethylethyl ) amino] carbonyl ] { 2 -methylbutyi ) amino] -2- 
hydrcxy-I- (phenyimethyi ) propyl ] -3 , 3 -dimethyl - , [ IS- 
[1R* (R* ) ) , 2S* ] j - , selected analogs and pharmaceutically 
acceptable salts thereof. The novel compound may also 
be known as ( 2R, 23 ) -3 iN-methyiaminoacetyl-L-tert- 
butyiglycinyl ) amido-I-isoamyi-1- ( tert- 
butyl carbamoyl ) amino -4 -phenyl -2 -but ancl . The structure 
of the novel compound is consistent with that of a 
metabolite obtained from its precursor or prodrug. The 
prodrug is butaneamide, 2 - [ (N, M-dimethylammoacetyl ) 
amino] -N- [3- [ [ [ (1, 1 -dimethylethyl ) amino] carbonyl] (3- 
methylbutyl ) amino 1 -2 -hydroxy -1 - (phenyimethyi ) propyl] - 
3, 3 -dimethyl-, ( IS- [ 1R* (R* ) ) , 2S* ] ] - , selected analogs 
and pharmaceutical!*/ acceptable salt thereof, which is 
disclosed m co-owned and co-pending U.S. Application 
Serial Number 08/152,934 (filed November 15, 1993) and * 
WO Patent Appiicaticn PCT/US91/08613 , both incorporated 
herein by reference m their entirety, and is also shown 
in Examole 1 hereinafter. 

The metabolite having a formula consistent with the 
Formula ( 6 ) 
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wherein R 1 is as defined above, is obtained by 
administering a retroviral protease inhibitor of Formula 
II as defined above to a mammal, collecting blood 
samples from the mammal, and separating the metabolite 
5 from the -sample (see Example 2 infra) . Thus Formula II 
is a precursor or prodrug. Suitable laboratory mammals 
from which the metabolites of the present invention can 
be obtained include dog, rat and the like, 

10 Preparation of T oimnnnris 

The compounds of the Formula I of the present 
invention can be prepared utilizing the following 
general procedure. An N-protected chloroketone 
15 derivative of an amino acid, having the Formula (1) : 



20 




CI 

O 

1 

wherein Z represents an amino protecting group, is 
reduced to the corresponding alcohol utilising an 
appropriate reducing agent. Suitable amino protecting 
groups are well known in the art and include haloacetyl 
or more specifically chloroacetyl, carbobenzoxy , 
butyryl, t-butoxycarbonyi , acetyl, benzoyl and the like. 
A preferred amino protecting group is carbobenzoxy or 
25 more preferably chloroacetyl. A preferred N-protected 
chloroketone is N-benzyloxycarbonyl-L-phenylalanine 
chloromethyl ketone. A preferred reducing agent is 
sodium borohydride. The reduction reaction is conducted 
at a temperature of from -10°C to about 25°C, preferably 
3 0 at about .0°C, in a suitable solvent system such as, for 
example, tetrahydrof uran, and the like. The N-procected 
chioroketones are commercially available from Bachem, 
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Inc., Torrance, California. Alternatively, the 
chloroketones can be prepared by the procedure set forth 
in S. J. Fittkau, J. Prakt . Chem. , 315, 1037 (1973), and 
subsequently N-protected utilizing procedures which are 
5 well known in the art. 

The resulting alcohol is then reacted, preferably 
at room temperature, with a suitable base in a suitable 
solvent system :o produce an N-protected amino epoxide 
of the Formula (2) 



10 




2 

wherein Z is as defined above. Suitable solvent systems 
for preparing the amino epoxide include ethanol, 
methanol, isopropanol, tetrahydrof uran, dioxane, and the 
15 like including mixtures thereof. Suitable bases for 
producing the epoxide from the reduced chloroketone 
include potassium hydroxide, sodium hydroxide, potassium 
t-butoxide, DEU and the like. A preferred base is 
potassium hydroxide. 

2 0 Although only one of the diastereomers is 

illustrated, products may be diastereomeric mixtures . 
The diastereomers can be separated by chromatography or, 
alternatively, once reacted in subsequent steps the 
diastereomeric products can be separated. 
25 The amino epoxide is then reacted, in a suitable 

solvent system, with an equal amount, or preferably an 
excess of, isoamylamine . The reaction can be conducted 
over a wide range of temperatures, e.g., from about 10°C 
to about 100°C, but is preferably, but not necessarily, 

3 0 conducted at a temperature at which the solvent begins 

to reflux. Suitable solvent systems include those 
wherein the solvent is an alcohol, such as methanol, 
ethanol, isopropanol, and the like, ethers such as 
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tetrahydrofuran. dicxane and the like, and toluene, N,N- 
dimethylformainide, dimethyl sulfoxide, and mixtures 
thereof. A preferred solvent is isopropanol. The 
resulting product is the following protected amino 
alcohol 
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OH 

wherein Z is as defined above. 

For producing compounds of Formula 3 as shown 
below, the resulting amino alcohol described above is 
then reacted, in a suitable solvent system, with a tert- 
butylisocyanate of the formula ( tert -butyl ) -NCO. 
Suitable solvent systems include tetrahydrofuran, 
methylene chloride, and the like and mixtures thereof. 
The resulting product is a urea derivative of the amino 
alcohol and can be represented by the Formula (3) 




3 



wherein Z is as defined above. The tert-butylisocyanate 
can be prepared by the reaction of a tert-butylamine 
with phosgene, triphosgene, carbodiimidazoi » or 
carbonate <(RO) 2 CO) under conditions well-known m the 

art. In addition, the tert -butylisocyanate is 
commercially available from Aldrich Chemical Company or 
may be prepared by using methods well known to those 
25 skilled in the art, e.g., an appropriate carboxylic acid 
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and che Curtius rearrangement. 

Following preparation of che urea derivative, che 
amino protecting group is removed under conditions which 
will net affect the remaining portion of the molecule. 

5 These methods are well known in the art and include acid 
hydrolysis, hydrogenoiysis and the like. A preferred 
method involves removal of the protecting group, e.g., 
removal of a carbobenzoxy group, by hydrogenoiysis 
utilizing palladium on carbon in a suitable solvent 

0 system such as an alcohol, acetic acid, and the like or 
mixtures thereof. Where the protecting group is a t- 
butcxycarbonyl group, it can be removed utilizing an 
inorganic cr organic acid, e.g., HC1 or trif iuoroacetic 
acid, in a suitable solvent system, e.g., dioxane or 

5 methylene chloride. The resulting product is the amine 
salt derivative. Following neutralization of the salt, 
the amine is then coupled to an amino acid, for example, 
Z-t-butylglycine or corresponding derivative thereof 
represented by the formula (ZNHCE (R 1 ) COOH) , an ecamino 

0 acid, wherein Z and R 1 are as defined above, using 

standard peptide coupling methods . Such ecamino acids 
are well known, are commercially available or can be 
prepared by known methods. This produces the 
intermediate compounds of the present invention having 
5 the Formula (4) 



protecting groups in this instance are a 
0 benzyioxycarbonyi group or a t-butcxycarbenyi group. 




4 

wherein Z and R 1 are as defined above. 



Pr e f erred 
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Removal of the Z protecting group from a compound of 
Formula 4 using conditions well known to those skilled 
in the art, for example, catalytic hydrogenolysis using 
palladium or palladium on carbon as catalysts, provides 
5 the intermediate amine. Then the intermediate amine 

obtained from the Formula 4 is reacted with chloroacetic 
anhydride to obtain the intermediate with the Formula 
(5) 




5 

wherein R* is as defined above. Alternatively, the Z 
protecting group may be a chloroacetyl group which would 
eliminate the deprotection and acylation steps above. 

The compound of Formula 6 is obtained by reacting 
the compound of Formula 5 with monomethylamine . 
Appropriate solvent systems for such a reaction include 
tecrahydrofuran, aceconitrile , methylene chloride, N,N- 
aimethyifcrmamide, or alcohols, such as methanol, 
ethanol or isopropanol and the like, including mixtures 
thereof. 

Alternatively, Formula 4 may be coupled. with a Z 
protected M-methylglycine using standard peptide 
coupling methods. The compound of Formula 6 is then 
obtained by deprotecting the amine using the methods 
discussed above. 

The compounds of Formula I where R 1 is a sulfoxide 
or sulfone derivative of L-penicillamine can also be 
prepared by oxidation of the L-penicillamine derivative 
or Formula I or its nitrogen protected (Z) derivative. 
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Reagents Co accomplish such oxidations are well known to 
those skilled in the art and include, for example, one 
or two equivalents of hydrogen peroxide, peracetic acid, 
meta-chloroperbenzoic acid, per camphoric acid, a metal 
5 salt of periodate or periodic acid or the like. 

Temperatures for the reaction can range from about -22°C 
to about 60°C preferably about 0°C in the case of the 
sulfoxide. Solvents for the transformation include 
water, alcohols, dipolar aprotic solvents such as DMF, 

10 acetonitrile, nitromethane or non-protic solvents such 
as TKF, methylene chloride, ethyl acetate and the like 
or mixtures of the above. Preferred conditions for 
preparation cf the sulfoxides or their salts are sodium 
metaperiodate or periodic acid in water or mixtures of 

15 water with alcohols such as methanol, ethanoi, denatured 
ethanol, isopropanol and the like carried at about 0°C. 

Scheme I is illustrative of the preparation of the 
compounds of the present invention. 
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HC1 Salt 

Alternatively, a proceeded ammo epoxide of Formula 
(7) can also be used in the preparation of the compounds 
5 of the present invention: 




wherein P* and ?" are each independently amine 

protecting groups, including but not limited to 

arylalkyl, substituted arylalkyl , cycioalkenylalkyl , 

substituted cycioalkenylalkyl, ally! , substituted allyl, 

acyi, alkoxycarbonyl , aralkoxycarbonyl or siiyl. 

Examples of arylalkyl include, but are not limited to 

benzyl, ortho-methy ibenzy i , trityl and b en z hy dry 1 , which 
can be optionally substituted with halogen," alky 1 of C ± - 

C 3 , alkoxy, hydroxy, nitro, alkylene, amino, alkylamino, 
acyiamino and a cry I , or their salts, such as phosphonium 
and ammonium salts. Examples of aryi groups include 
phenyl , naphthaieny 1 , indany 1 , anthracenyi , durenyi , ' 9- 
{ 9 -phenyl fluorenyi ) and phenanthrenyl , cycioalkenylalkyl 
or substituted cycioalkylenylaikyl radicals containing 
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cycioalkyls of C g -C 10 . Suitable acyi groups include 
carbobenzoxy, t-butoxycarbonyl , iso-butoxycarbonyl, 
benzoyl, substituted benzoyl, butyryl, acetyl, tri- 
fluoroacetyl, cri-chloroacetyl , phthaioyi and the like. 
5 The term silyl refers to a silicon atom optionally 

substituted by one or more alkyl, aryi and aralkyl 
groups. Suitable silyl protecting groups include, but 
are not limited to, trimethylsiiyl , triethylsilyl , tri- 
isopropylsilyl, tert-butyldimethylsilyl , 
dimethylphenyisilyl, 1, 2 -bis (dimethylsilyl) benzene, 1,2- 
bis(dimethylsilyl) ethane and diphenylmethylsilyl . 
Silylation of the amine functions to provide mono- or 
bis-disilylamine can provide derivatives of the 
aminoalcohoi; amino acid, amino acid esters and amino 
15 acid amide, in the case of amino acids, amino acid 

esters and amino acid amides, reduction of the carbonyl 
function provides the required mono- or bis -silyl 
aminoalcohoi. Silylation of the aminoalcohoi can lead 
to the N,N,0-tri-silyl derivative. Removal of the silyl 
function from the silyl ether function is readily 
accomplished by treatment with, for example, a metal 
hydroxide or ammonium fiouride reagent, either as a 
discrete reaction step or in situ during the preparation 
of the amino aldehyde reagent. Suitable silylating 
agents are, for example, trimethylsiiyl chloride, tert- 
buty-dimethyisilyl chloride, phenyldimethylsilyl 
chlorie, diphenylmethylsilyl chloride or their 
combination products with imidazole or DMF. Methods for' 
silylation of amines and removal of silyl protecting 
30 groups are well known to those skilled in the art. 

Methods of preparation of these amine derivatives from 
corresponding amino acids, amino acid amides or amino 
acid esters are also well known to those skilled in the 
art of organic chemistry including amino acid/amino acid 
35 ester or aminoalcohoi chemistry. 

Additionally, P 1 and P 2 can form a heterocyclic 
ring wich the nitrogen to which they are attached, for 



20 
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example , 1,2- bis (methylene ) benzene , phthaiimidyi , 
succinimidyl, maleimidyi and the like and where these 
heterocyclic groups can further include adjoining aryl 
and cycloalkyl rings. In addition, the heterocyclic 
5 groups can be mono-, di- or tn -substituted, e.g., 
nitrophthalimidyl . 

The economical and safe large scale method of 
preparation of protease inhibitors of the present 
invention can alternatively utilize amino acids or amino 
10 alcohols to form N, N-protected alpha aminoalcohoi of the 
Formula (8) 




8 

wherein ?" and P are described above. A general method 
15 for the preparation of airu.no epoxides, useful as 
intermediates in the synthesis of HIV protease 
inhibitors is shown in Scheme 2 . 

Preferably, the amine protecting groups P 1 and P 2 
are introduced by aikyiaticn of the amine group such as 

2 0 by the addition of suitable alkylating agents in an 

appropriate solvent m the presence of base. Preferred 
bases used in aikyiaticn include sodium hydroxide, 
sodium bicarbonate, potassium hydroxide, lithium 
hydroxide, potassium carbonate, sodium carbonate, cesium 
25 hydroxide, magnesium hydroxide, calcium hydroxide or 

calcium oxide, or tertiary amine bases such as triethyl 
amine , diisoprcpylethylamine , M-methylpiperidine , 
pyridine, dimethylaminopyridine and azabicyciononane . 
Reactions can be homogenous or heterogenous. Suitable 

3 0 solvents are water and orotic solvents or solvents 

miscible with water, such as methanol, ethanol, 
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isopropyl alcohol, tetrahydrof uran and the like, with or 
without added water. Dipolar aprotic solvents may also 
be used with or without added protic solvents including 
water. Examples of dipolar aprotic solvents include 
acetonitrile, dimethyl formamide, dimethyl acetamide, 
acetamide, tetramethyl urea and its cyclic analog, 
dimethylsulf oxide, N-methylpyrrolidone, sulfolane, 
nitromethane and the like. Reaction temperature can 
range between about -2 0° to 10 0°C with the preferred 
temperature of about 25-85°C. The reaction may be 
carried out under an inert atmosphere such as nitrogen 
or argon, or normal or dry air, under atmospheric 
pressure or in a sealed reaction vessel under positive 
pressure. The most preferred alkylating agents are ' 
benzyl bromide or benzyl chloride or monosubstituted 
aralkyl halides or polysubstituted aralkyi halides . 
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Sulfate or sulfonate esters are also suitable reacrents 
to provide the corresponding benzyl analogs and they can 
be preformed from the corresponding benzyl alcohol or 
formed in situ by methods well known to those skilled in 
5 the art. Trityi, benzhydryi, substituted trityi and 
substituted ben shy dry! croups, independently, are also 
effective amine protecting groups as are ally! and 
substituted ailyl groups. Their haiide derivatives can 
also be prepared from the corresponding alcohols by 

10 methods well known to those skilled in the art such as 
treatment with thionyi chloride or bromide or with 
phosphorus tri- or pentachicride , bromide or iodide or 
the corresponding phcsphoryi trihaiide. Examples of 
groups that lean be substituted cn the aryi ring include 

15 alkyl, alkoxy, hydroxy, nitro, halo and alkyiene, amino, 
mono- and dialkyi amino and acyi amino, acyl and water 
solubiiizing groups such as phosphonium salts and 
ammonium salts. The aryi ring can be derived from, for 
example, benzene, naptheiene, mdane, anthracene, 9- ( 9- 

20 phenyl fiuorenyl, durene, phenanthrene and the like. In 
addition, 1,2-bis (substituted alkyiene) aryi halides or 
sulfonate esters can be used to form a nitrogen 
containing aryi or non-aromatic heterocyclic derivative 
[with P 1 and ? 2 ] or bis -heterccycies . 

25 Cycloaikyleneaikyl or substituted cyioaikylene radicals 
containing 6-10 carbon atoms and alkyiene radicals 
constitute additional acceptable class of substituents 
on nitrogen prepared as outlined above including, for 
example, eye i chexy I en erne t hy lens . 

3 0 Compounds of Formula S can also be. prepared by 

reductive alkylaticn by, for example, compounds and 
intermediates formed from the addition of an aldehyde 
with the amine and a reducing agent, reduction of a 
Schiff Base, carbinoiamine or enamine or reduction of an 

2 5 acyiated amine derivative. Reducing agents include 
metals, such as platinum, palladium, palladium 
nyarcxiae , palladium on carbon, olatinum oxide, rhodium 
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and the like, in the presence of hydrogen gas or 
hydrogen transfer molecules such as cyclohexene, 
cyclohexadiene and the like, or hydride agents such as 
lithium aluminumhydride, sodium borohydride, lithium 
borohydride, sodium cyanoborohydride, diisobutyialuminum 
hydride, lithium tri-tert-butoxyaluminum hydride and the 
like. 

Additives such as sodium or potassium bromide, 
sodium or potassium iodide can catalyze or accelerate 
the rate of amine alkylation, especially when benzyl 
chloride was used as the nitrogen alkylating agent. 

Phase transfer catalysis wherein the amine to be 
protected and the nitrogen alkylating agent are reacted 
with base in a solvent mixture in the presence of a 
phase transfer reagent, catalyst or promoter. The 
mixture can consist of, for example, toiuene, benzene, 
ethylene dichloride, cyclohexane, methylene chloride or 
the like with water or a aqueous solution of an organic 
water miscible solvent such as THF. Examples of phase 
transfer catalysts or reagents include 
tetrabutyl ammonium chloride or iodide or bromide, 
tetrabutylammonium hydroxide, tri-butyloctylammonium 
chloride, dodecyltrihexyiammonium hydroxide, 
methyl trihexyiammonium chloride and the like. 

A preferred method of forming substituted amines 
involves the aqueous addition of about 3 moles of 
organic halide to the amino acid or about 2 moles to the 
aminoalcohol . In a more preferred method of forming a 
protected amino alcohol, about 2 moles of benzylhalide 
in a basic aqueous solution is utilized. In an even 
more preferred method, the alkylation occurs at 50 *C to 
80 'C with potassium carbonate in water, ethanol/water or 
denatured ethanol/water. In a more preferred method of 
forming a protected amino acid ester, about 3 moles of 
benzylhalide is added to a solution containing the amino 
acid. 

The protected amino acid ester is reduced to the 
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protected amino alcohol in an organic solvent. 
Preferred reducing agents include lithium 
aluminiumhydride, lithium borohydride, sodium 
borohydride, borane , lithium tri-ter-butoxyaiuminum 
5 hydride, borane* TEF complex and the like. Most 

preferably, the reducing agent is diisobutylaluminum 
hydride (DiBAL-H) in toluene. These reduction 
conditions provide an alternative to a lithium aluminum 
hydride reduction. 
10 The protected alpha amino alcohol is oxidized to 

form a chiral amino aldehyde of the Formula (9) 




Q 

— ' 

wherein P 1 and P 2 are as defined above. Acceptable 
15 oxidizing reagents include, for example, sulfur 

trioxide-pyridine complex and DMSO, oxaiyl chloride and 
DMSO, acetyl chloride cr anhydride and DMSO, 
trif iuoroacetyl chloride or anhydride and DMSO , 
methanesulf onyl chloride and DMSO or 
2 0 t etrahydrothiaphene-S-oxide , toluenesulf onyl bromide and 
DMSO, trif luoromethanesuif onyl anhydride (triflic 
anhydride) and DMSO, phosphorus pentachloride and DMSO, 
dimethylphosphoryl chloride and DMSO , 

isobutylchlorof ormace and DMSO, and the like (Reetz et 
25 ai., Anaew Chem. , 99, p. 1186, (1987); Anaew Chem. Int . 

Ed. Enal . . 26, p. 1141, (1987); employed oxaiyl chloride 

and DMSO at -7 8°C) . 

A preferred oxidation method is sulfur trioxide 

pyridine complex, triethylamine and DMSO at room 
30 temperature. This system provides excellent yields of 

the desired chiral protected amino aldehyde usable 

without the need for purification by chromatography and 
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20 

large scale operations are mace less hazardous. 
Reaction ac room temperature also eliminates the need 
for the use of low temperature conditions. 

The reaction may be carried out under and inert 
atmosphere such as nitrogen or argon, or normal or dry 
air, under atmospheric pressure cr in a sealed reaction 
vessel under positive pressure. Preferred is a nitrogen 
atmosphere. Alternative amine bases include, for 
example, tri-butyl amine, tri-isopropyl amine. N- 
methylpiperidine, N-methyl morpholine, azabicyclononane, 
diisopropylethylamine, 2 , 2 , 6 , 6-tetramethylpiperidine, 
N,N-dimethylaminopyridine, or mixtures of these bases. 
Triethyiamme is a preferred base. Alternatives to pure 
DMSO as solvent include mixtures of DMSO with non-protic 
or halogenated solvents such as tetrahydrofuran, ethyl 
acetate, toluene, xylene, dichloromethane, ethylene 
dichloride and the like. Dipolar aprotic co-solvents 
include acetonitrile , dimethyl formamide, 
dimethylacetamide , acecamide, tetramethyl urea and its 
cyclic analog, N-methyipyrrolidone, sulfolane and the 
like. Rather than N , N-dibenzyiphenylalaninol as the 
aldehyde precursor, the phenylalanine^ derivatives 
discussed above can be used to provide the corresponding 
N-monosubstituted or N, N-disubstituted aldehyde. 

In addition, hydride reduction of an amide or ester 
derivative of the corresponding alkyl, benzyl or 
cycloalkenyl nitrogen protected phenylalanine, 
substituted phenylalanine or cycioalkyl analog of 
phenylalanine derivative can be carried out to provide a 
compound of Formula 8. Hydride transfer is an 
additional method of aldehyde synthesis under conditions 
where aldehyde condensations are avoided, cf, Oppenauer 
Oxidation. 

The aldehydes of this process can also be 
prepared by methods of reducing protected phenylalanine 
and phenylalanine analogs or their amide or ester 
derivatives by, e.g., sodium amalgam with HC1 in ethanol 
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or lithium or sodium cr potassium or calcium in ammonia. 
The reaction temperature may be from about -3 5 *C to 
about 45 'C, and preferably from about 5"C to about 25 *C 
or when the concentration of ammonia approaches 100% the 
5 temperature is preferably about -33°C. Two additional 
methods of obtaining the nitrogen protected aldehvde 
include oxidation of the corresponding alcohol with 
bleach in the presence of a catalytic amount of 2,2,6,6- 
tetramethyl-l-pyridyioxy free radical. In a second 
10 method, oxidation of the alcohol to the aldehyde is 
accomplished by a catalytic amount of 

tetrapropylammonium perruthenate in the presence of N- 
methylmorphoiine-N-oxide . 

Alternatively, an acid chloride derivative 

15 of a protected phenylalanine or phenylalanine derivative 
as disclosed above can be reduced with hydrogen and a 
catalyst such as Pd on barium carbonate or barium 
sulphate, with or without an additional catalyst 
moderating agent such as sulfur cr a thiol (Rosenmund 

2 0 Reduction) . 

An important aspect for this preparation of an 
appropriate amine-epoxide useful as an intermediate to 
prepare a compound of the present invention is a 
reaction involving the addition of chloromethylithium or 

25 bromomethyllithium to the ceammo aldehyde, e.g. 

addition of chloromethyllithium or bromome thy lithium to 
racemic or chiral amino aldehydes to form aminoepoxides 
of the Formula 10 




30 10 

wherein P 1 and P 2 are as defined above. The addition of 
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chlorcmechylithium or bromomechy lithium Co a chiral 
amino aldehyde is highly diascereoselective . 
Preferably, the chloromethyllithium or bromomethylithium 
is generated in-situ from the reaction of the 
dihalomethane and n-butyllithium. Acceptable 
methyl eneating halomethanes include chloroiodome thane , 
bromochioromethane, dibromome thane, diiodomethane, 
bromofluoromethane and the like. The sulfonate ester of 
the addition product of. for example, hydrogen bromide 
to formaldehyde is also a methyleneating agent. 
Tetrahydrofuran is the preferred solvent, however 
alternative solvents such as toluene, dimethoxy ethane, 
ethylene dichloride, methylene chloride can be used as 
pure solvents or as a mixture. Dipolar aprotic solvents 
such as acetcnitrile, DMF, N-methylpyrrolidone are 
useful as solvents or as part of a solvent mixture. The 
reaction can be carried out under an inert atmosphere 
such as nitrogen or argon. For n-butyl lithium can be 
substituted other organometallic reagents such as 
methyllithium, tert-butyl lithium, sec-butyl lithium, 
phenyilithium, phenyl sodium and the like. The reaction 
can be carried out at temperatures of between about 
-SO'C to O'C but preferably between about -80'C to 
-ICC. The most preferred reaction temperatures are 
between -40 'C to -15 'C. Reagents can be added singly 
but multiple additions are preferred in certain 
conditions. The preferred pressure of the reaction is 
atmospheric however a positive pressure is valuable 
under certain conditions such as a high humidity 
environment 

Alternative methods of conversion to the epoxides 
cf this invention include substitution of other charged 
methyienaticn precursor species followed by their 
treatment with base to form the analogous anion. 
Examples cf these species include trimethylsulf oxonium 
tosylate or triflate, tetramethylammonium halide, 
methyidiphenyisulf oxonium halide wherein halide is 
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chloride, bromide or iodide. 

The conversion of the aldehydes of this invention 
into their epoxide derivative can also be carried cut in 
multiple steps. For example, the addition of the anion 
5 of thioanisoie prepared from, for example, a butyl or 
aryl lithium reagent, to the protected aminoaldehyde, 
oxidation of the resulting protected aminosuif ide 
alcohol with well known oxidizing agents such as 
hydrogen peroxide, tert -butyl hypochlorite, bleach or 

10 sodium periodate to give a sulfoxide. Alkylation of the 
sulfoxide with, for example, methyl iodide or bromide, 
methyl tosylate, methyl mesylate, methyl triflate, 
ethyl bromide, iscpropyl bromide, benzyl chloride or the 
like, in the : presence of an organic or inorganic base 

15 Alternatively, the protected aminosulfide alcohol can be 
alkylated with, for example, the alkylating agents 
above, to provide a sulfonium salts that are 
subsequently converted into the subject epoxides with 
tert-amine or mineral bases. 

20 The desired epoxides form, using most preferred 

•conditions, diastereoselectiveiy in ratio amounts of at 
least about an 85:15 ratio (S,S:S,R). The product can 
be purified by chromatography to give the 
diastereomericaliy and enantiomericaliy pure product but 

25 it is more conveniently used directly without 

purification to prepare the HIV protease inhibitors of 
the present invention. 

The diastereomers can be separated by 
chromatography or, alternatively, once reacted in 

3 0 subsequent steps the diastereomeric products can be 
separated. 

As described above, the amino epoxide is then 
reacted, in a suitable solvent system, with at- least an 
equal amount, preferably an excess, of isoamylamine . 
2 5 The reaction can be conducted over a wide range of 

temperatures, e.g., from about 10*C to about 100'C, but 
is creferabiv, but not necessariiv, conducted at a 
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temperature at which the solvent begins to reflux. 
Suitable solvent . systems include those wherein the 
solvent is an alcohol, such as methanol, ethanol, 
isopropanol, and the like, ethers such as 
tetrahydrofuran, dioxane and the like, and toluene, N,N- 
dimethylformamide, dimethyl sulfoxide, . and mixtures 
thereof. A preferred solvent is isopropanol. The 
resulting product is a protected amino alcohol. 

This protected amino alcohol can then be reacted, 
with tertiary-butylisocyanate and the protecting groups, 
P and P 2 , removed using methods well known to those 
skilled in the art. For example, when P 1 and P 2 are 
both benzyl groups, these can be removed by 
hydrogeno lysis using a palladium catalyst. The 
15 resulting amine can then be converted into the desired 
product through the methods outlined in Scheme 1 above 
or in an analogous manner for the anaolgous and 
pharmaceutical^ acceptable salts of the invention. 

The chemical reactions described above are 
generally disclosed in terms of their broadest 
application to the preparation of the compounds of this 
invention. The reactions can be successfully performed 
using conventional modifications known to those skilled 
in the art, e.g., cy appropriate protection of 
interfering groups, by changing to alternative 
conventional reagents, by routine modification of 
reaction conditions, and the like, or other reactions 
disclosed herein or otherwise conventional, will be 
applicable to the preparation of the corresponding 
30 compounds of this invention. in ail preparative 

methods, all starting materials are known or readily 
preparabie from known starting materials. 

Without further elaboration, it is believed that 
one skilled in the art can, using the preceding 
description, utilize the present invention to its 
fullest extent. The following preferred specific 
embodiments are, therefore, to be construed as merely 
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illustrative, and not limitative of the remainder of the 
disclosure in any way whatsoever. 

All reagents were used as received without 
purification. All proton and carbon NMR spectra were 
5 obtained on either a Varian VXR-3 00 or VXR-400 nuclear 
magnetic resonance spectrometer. 

Example 1 

0 Butaneamide. 2 - f (N. N-dimgthvlami n oacetvl ) amino 1 -N- f 1 - 
r r r (1 , 1-dimethvlethvl) amino icarbonvll (3- 
methvlbutvl) amino 1 -2 -hvdroxv-1 - ( nhenvlmethvl ) nronvl 1 - 
3 , 3 - dime t hvl - , f is- H R * ' R * ) , 2 5*1 > - 

5 To a solution of M-dimethylaminoacetic acid (62 

rng, 0.6 mmoi) and N-hydrcxybenzotriazole (87 mg, 0.57 
mmoi) in 2 mL of DMF at 0°C was added EDC (109 mg, 0.57 
rnmol) . The reaction mixture was stirred for 1 hour and 
then (2R, 3S) -3 (L-tert-butylgiycmyl) amido-l-isoamyl 

0 1 ( tert-butylcarbamoyl ) amino-4 -phenyl -2 -butanol (231 mg, 
0.5 mmoi) as prepared in WO/US91/ 08613 , Example 23, Part 
C, was added. The reaction was scirred at room 
temperature for 15 hours and then concentrated in vacuo. 
The residue was chromatographed cn silica (50 gm) using 

5 5% ethanol in dichlorcmethane . The butaneamide, 2- 
[ (2 , 2-dimethyiaminoacetyl ) amino] -N- [3- [[[(1,1- 
dimethylethyl) amino] carbonyl] (3-methyibutyl) amino] -2- 
hydroxy-1- (phenylmethyi ) propyl] -3 , 3 -dimethyl - , [ 1S- 
[1R* ( R* ) ) , 2S* ] ] - was obtained as a white solid. Anal. 

0 Calc'd for C 30 K 53 N 5 O 4 .0.3 H 2 0:C , 65 . 13 ; E, 9.77; N , 12.66. 

Found: C, 65.10; K, 9.79; N , 12.52. 
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ExamDle 2 



Ste P A: N-Cb7-T- fS) -*nHnn-1 -rh 1 nrn-A -phpnvl -KS )- 
butanni 

To a solution of 20 gm (60 mmoi) of N- 
benzyloxycarbonyl-L-phenylalanine chloromethyl ketone in 
MeOH (215 mL) and THF (215 mL) at 0*C, was added 
portionwise, 3.52 gm (92 mmol) of solid sodium 
borohydride. After 15 minutes the reaction mixture was 
concentrated to a solid and dissolved in ethyl acetate 
(200 mL) . The ethyl acetate solution was washed with 1M 
aqueous, non- competitive, and saturated aoueous NaCl 
(150 mL each)i. The organic layer was cried over Na^SO,, 

15 filtered and concentrated to give a white solid. The 
solid was triturated with hot hexane and filtered. The 
resulting solid was recrystallized from ethyl acetate 
and hexane to give 7.43 gm of a white solid (37%) . The 
mother liquor was concentrated and the residue 
recrystallized to afford a second crop of the desired 
product, N-Cbz-3- (S) -amino-l-chloro-4-phenyi-2 (S) - 
butanol, 2.1 gm (18%), mp 150-151'C. 



N-Cbz - 3 - ( S ) -amino- 1 -chloro- 4 -phenyl -2 ( S ) -butanol 
(9.5 gm, 28 mmol) was added to a solution of KOH (1.9 
gm, 34 mmol) in absolute ethanol (250 mL) . After 15 
minutes the solvent was ■ removed and the residue 
dissolved in CH 2 C 12 (100 mL) . The organic solution was 
washed with water (100 mL) and dried (MgSO ) . 

4 

Filtration and concentration afforded a white solid, 7 4 
gm (87%). Anal. Calc'd for C 18 H ig N0 3 : C, 72.71; H, 

6.44; N, 4.71. Found: C, 72.16; H, 6.42; N, 4.65. 
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Step C: N-f '3 (S* -shQnvimerhvlrarh arnovl)amiriQ-3 (* ) - 
hvdroxv-4-ohenvlhurvl 1 -m- f C} -merhvlbutvl ) 1 ami ti p 

M-Cbz-3- (S) -amino- 1,2- (S) -epoxy-4-phenylbutane (10 
5 cm, 33.6 mmol ) and isoamylamme (19.5 mL, 168 mmol) were 
combined in isopropanoi (100 mL) and stirred for 16 
hours at room temperature. The insoluble material was 
collected by filtration, washed with a small amount of 
isopropanoi and then n-hexane. The material was then 
10 dried in vacuo to afford a white solid N-[[3(S)- 
phenyimethyl carbamoyl) amino-2 (R) - hydroxy- 4- 
phenylbutyi]N- [ ( 3 -methylbutyl ) ] amine, 10.5 gm (81%). 

Step D: ( 2R 3 5 ) -? - ( phenyl .methoxvcarbonvl ) anting- ? - 
15 hvdroxv-4-phen vl-l- fM- ( 3 -met hvlbuty 1 ) -M- f (1 , 1- 
dimerhvl ethvl ) amino 1 rarbonv 1 1 amincbutan e 

To a solution of N-[[3(S)- 
phenyimethylcarbamoyl ) amino-2 (R) -hydroxy- 4 -phenylbutyl] - 

20 N- [ (3 -methylbutyl) ] amine (10,5 gm, 27 mmol) in CH 2 C1 2 
(35 mL) was added t -butyiisccyanate (3.1 mL, 27 mmol). 
After 5 minutes the reaction mixture was concentrated, 
the residue taken up in ethyl acetate (100 mL) , and 
washed with 5% aqueous citric acid and saturated aqueous 

2d NaCl (50 mL each) . The organic solution was dried 
(■Nd2SC>4), filtered and concentrated to a foamy white 
solid, 11.84 gm. This was chroma teg raphe d on silica 
using 1:1 ethyl acetate/hexane as the eluting solvent to 
afford a white solid, 10.7 gm (72%). m/z =597 

30 

Step E: ( 2R , 3 S ) - : - amino - 2 - hydroxy -4 -phenyl - 1 - **N- ( 3 - 
methylbutyl ) -N- f (1,1- 

dimethyl ethyl ) amino 1 carbonvl l aminobnr.an g 

35 A solution of (2E, 3S)-3- 

( pheny lme t hoxy c a rbony 1 ) ami no - 2 - hy dr oxy - 4 - p heny 1 - 1 - [ N - ( 3 - 
methylbutyl) -M- ( (1, 1 - dime c hy let hy 1 ) amine] 
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carbonyl ]aminobutane (10.7 gm, 22.1 mmol) in methanol 
(50 mL) was hycirogenated over 10% palladium-on-carbon 
for 1 hour, filtered through diatomaceous earth and 
concentrated to an oil, 7.3 gm (95%). 

5 

Step F: f 2R. 35) -3- fN-hP nzvlowr.^rbnnvl -[,^cr f. 
butvlaivrinvl^ amino-2 -hvri roxv-4-phanvl -1 - f*J- p - 
methvlbnrvl ) -n- r ( 1 . 1 - 

aimethvi ^hvl ) amino 1 oarbonvi 1 aminohnra n p 

10 

A solution of N-Cbz-tert-butyiglycine (5.35 gm, 
20.2 mmol) and N-hydroxybenzctriazole (2.60 mg, 19.3 
mmol) in 30 mL of dimethyl formamide was combined with 
EDC (3.70 mg, 19.3 mmol). The reaction was stirred for 
15 1 hour and then (2R, 33) -3 -amino -2 -hydroxy- 4 -phenyl -1 - 
[N- (3-methylbutyl) -N- [{1,1- 

dimethylethyl) amino] carbonyl ] aminobutane (6.3 mg, 18.0 
mmol) in 3 0 mL of DMF was added. The reaction was 
stirred at room temperature for 16 hours then 
2 0 concentrated. The residue was taken up in ethyl acetate 
(50 mL) and excracted with 0.5 N KC1 , saturated NaHC03 
solution, and saturated NaCl (25 mL) each. The solution 
was dried over Na 2 S0 4 , filtered and concentrated to a 
white foam, yield 9.21 gm (86%). m/z = 597. 

25 

St£ P G: f2R, 3S) -3- f L-r ert-hurvlgivrinvl) amino- ?.- 
hVQroxv-A -phenyl -1- fM- n -m ethvlhnrvl ) -N- ffl. l- 
dimer/nvi ot-hyi ) amino 1 carbonvll amir.nhnr^ P 

30 A solution of (2R, 3S) -3- (N-benzyloxycarbonyl-L- 

tert-butyiglycinyl ) ami no - 2 - hydroxy - 4 - pheny 1 - 1 - [N- (3- 
methy Ibuty 1 ) -N- [(1,1- 

dimethylethyl ) ammo] carbonyl ]amincbutane (9.21 gm, 15.4 
mmol) in 50 mL of methanol was hydrogenated over 10% 
35 paiiadium-on-carbon for 0.75 hours to give the product 
as a white foam, yield 6.9 gm (96%). 
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Step K: f 2R, 35) -3 - ^M-chlcroacgryl- T L -tgrt - 
butvlalvcinvi ) amino -2 -hvdro>r.'-4-ohenvl-l- r N- ( 3 - 
met: hv 1 bu t v 1 ) - M- r n 1 - d ime t hv let: hv 1 ) ami no 1 
carbonvl 1 aminobutane 

5 

To a solution of (2R, 3 S ) -3 - (L-tert- 
butylglycinyl ) ammo - 2 -hydroxy - 4 -phenyl - 1 - [N- ( 3- 
methylbutyl) -N- [ (1, 1 -dimethyiethyi ) amino] 
carbonyl ] aminobutane (6.S9 gm, 14.9 mmol) and K T ,N- 

10 diisopropylechylamine (3.1 ml, 17.8 mmol) in 120 mL of 
dichloromethane was added chlcroacetic anhydride (2.8 
gin, 16.4 mmol). After 90 minutes at room temperature 
the solvent was removed on a rotary evaporator and the 
residue taken up in ethyl acetate .(50 mL) and washed 

15 with 5 % aqueous citric acid, saturated aqueous NaHC03 
and saturated aqueous Ma CI (25 mL) each. The product 
precipitated from the ethyl acetate solution and was 
collected by suction filtration. Obtained as a white 
solid, yield 6.9 gm (85 %). Anal. Calc'd for 

20 C28H47N4O4CI . 0.5 K 2 0: C, 61.35; H, 8.83; N, 10.22. 
Found: C, 61.55; H , 3.31; N\ 10.04. 

Step I: (2R, 25 > -2 N-met hvlaminoacetvl -L- t er t - 
butylalvcinvl *. =r?.in^-2 -hvdrcxv-4 -n'nenvl -1 - r N- ( 3^ 

2 5 methvlbutvl) -M- f fl, 1 -cimet hviethvl ) amino 1 

carbonvl laminobur?.:^ or 

butaneamide . 2 - r 'M-mc-r.cmethvlaminoacetvl ) amino 1 -N- f 3^. 
f f H 1 , 1-dimet hvl ethv 1 • amine 1 carbonvl 1( 3- 
methvlbutvl * amine* 1 -2 -hydroxy- 1 - ( ohenvlmethvl ) propyl ] ^ 

3 0 2 . 2 - dime t hv 1 - ' 1 5 - r 1 ?. * ' R * ' ' .25*1 1 - 

To a soiuticn of ( 2R , 3 S ) -3 - (N-chiorcacetyl-L-tert- 
bu ty 1 g ly c i ny 1 ) ami no - 2 - hy dr cxy - 4 - pheny 1-1- [M- (3- 
methylbutyl ) -N- [(1,1 -dimethyiethyi ) amino] 
3 5 carbonyl ] aminobutane (3.3 gm, 7.1 mmol) in ethanol (21 
mL ) was added 40% aqueous methyl amine (21 mL) . The 
reaction was stirred at recm temperature for one hour 
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then concentrated on a rotary evaporator. The residue 
was dissolved in ethyl acetate (50 mL) and washed 75% 
saturated NaCl solution, dried over MgS04 and 
concentrated to a white solid, yield 3.5 gm (92%). DSC 
5 160.28'C... 

Step J : f 2R . 75) -7 (N-ma- hvl ami noar^vl -r.-rer f. 
bUtVlcrlvrinvl ) amino-2-h vdrnxv-4-nhgnv1 -1 -fTvj- p _ 



rpethYlbur-Vl ) -N-r ft ■ 1 -dimef hvl Pt-hyl ) aTO i nnlr.r 


■bonyl] 


aminQblirane hvrirorhlnr-irip or bnfanpapide. ?- 


■ r (n- 


monomer hvlaminoarPt-vi latninni -M- n- r r r p , i - 




dimethvl ethvl 1 ami nol carhnnvll n -methyl hnfvi ) 


amino 1 - 


hydroxy - \ - 1 Dhenv lmec hv 1 inmnvi ^ -i 7.^ maf h,,i 


n q- 


_Ll£MR*n .25*11- hvnrorhlnnnp 



To a solution of (2R, 3S) -3 (N-methyiaminoacetyl-L- 
tert -buty lglycinyl ) amino-2 -hydroxy-4 -phenyl -1- [N- ( 3 - 
methylbutyl) -N- [ (1 , 1-dimethyiethyl ) amino] carbonyl] 
aminobutane or butaneamide, 2- [ (N-monomethyiaminoacetyl ) 

0 amino] -N- [3-[ [ [ ( 1 , 1-dimethyle thy 1) amino] carbonyl] (3- 
methylbuty 1 ) amino ] -2 -hydroxy- 1 - ( phenylmethyl ) propyl ] - 
3, 3 -dimethyl-, [IS- [1R* (R* ) ) , 2S* ]] - (1.46 gm, 2.7mmol) 
m methanol (15 mL) was added concentrated HC1 (250 uL) 
in methanol (10 mL) . The solvent was removed on a 

5 rocary evaporator and the resulting solid recrystallized 
from ethyl acetate (2 0 mL) . The white solid was 
collected by suction filtration and washed with diethyl 
ether, then dried in-vacuo, yield 1.4 gm (91%). Anal. 
Calc'd for C29H52N5O4CI: C, 61.08; H, 9.19; N, 12.28; CI, 

0 5.22. Found: C, 61.01; H, 9.55; N, 12.27; CI, 5.41. 
DSC 137.02 'C. 
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Example 3 



(2R, 3S; -3- ( N. N-dimethyiaminoacgtvl-L-isoleucinyl ) ami ri n- 
1- fN-isoamvl -N- f tert -butylcarbamoy "i ) iamino-4-phenvl- 2- 
5 butanol or buta neamide. 2- f IN. N-dimer-hvlaminoacer.y 1 ) 
amino 1 -N- r 3 - r f f ( 1 , 1 -dimethv ■ Pthvl ) amino 1 carbonvl 1 f l- 
methvioentvl ) amino 1 -2 -hvdroxv- 1 - f t?henvlmethyl ) ^roipvi l - 
3 . 3 -dimethyl - . r IS— r 1R* f P» n , 2S* 1 1 - 

0 To a solution of (2R, 3S) -3-N-chloroacetyl-L- 

isoleucine) amido-1- [N-isoamyi-N- ( tert- 

butyl carbamoyl ) ] amino-4 -phenyl -2 -butanol , ( 1 . 61 g , 2.98 
mmoilin 3 0 mL of dioxane is added 3.0 mL of 5 0 wt% 
aqueous dimethylainine and stirred in a closed vessel for 

5 15 hrs . The solution is concentrated and diluted with 
100 mL of ethyl acetate and washed with saturated sodium 
bicarbonate, and brine. The organic layer is dried over 
magnesium sulfate, filtered, and concentrated to yield 
1.50 grams of crude material, which is chromatographed 

0 over silica gel using a 4% methanol dichioromethane 

eiuant to yield 1.03 grams of purified product, (2R,3S)- 
3 - (N, N ' -dimethylaminoacetyl-L-isoleucine) amido-1- [N- 
isoamyl-N- ( t ere -butyl carbamoyl ) ] amino- 4 -phenyl -2 -butanol 
or butaneamide, 2- [ (N, N-dimethyiaminoacetyl ) amino] -M- [3- 

5 [[[ (1, 1 -dimethyl ethyl) amino] carbonyl] (3- 

methylpentyl) amino] -2 -hydroxy- 1- (phenyimethyl ) propyl] - 
3, 3 -dimethyl-, [ IS- [ 1R* ( R* ) ) , 2S* ] ] - . M+H=548 mp 72-3°C. 

Example 4 

0 

Step A: f 2R , 3 5) -3 f N- 1 ert -butvloxvcarbony 1 - L- 
isoleucinvl) amido-1- fN-isoamvl-M- ( ter t- 
butvl carbamoyl) 1 amino-4 -pheny l -2 -butano l 



A solution of (2R, 2S) -3-amino-i- [N-isoamyi-N- ( tert- 
butyl carbamoyl ) ] ammo -4 -phenyl -2 -butanol (2.44 g, 6.S 
mmoi) in 20 mL of dichioromethane and N-Boc-isoieucine- 
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N-hydroxysuccmamide ester (2.26 g, 6.8 mmol) is stirred 
for 16 h. The solution is extracted with 50 mL of 
saturated sodium bicarbonate 50 mL of 5% aqueous citric 
acid, and dried over magnesium sulfate, filtered, and 
5 concentrated on a rotary evaporator to yield 3.58 g of 
product which is recrystallized from ethyl 
acetate/hexanes . M+H=563. 

Ste P B: f 2R. 3P) q-iSOl -MPinvl ) ^TniHn- l- rw-i- ^atnyl - M- 

hvdrnrhloridP gal^ 

A solution of (2E,3S!-3-(N-tert-butyioxycarbcnyl-L- 
isoleucinyl ) a ! mido-l- [N-isoamyl-N- (tert- 
.5 butylcarbamoyi)amino-4 -phenyl -2 -butanol (3.58 g, 6.7 
mmol) is dissolved in 40 mL of 4N HC1 in dioxane and 
stirred for 1.5 h. The solution is concentrated on a 
rotary evaporator and chased three times with diethyl 
ether to yield 2.51 g of hydrochloride salt. 



0 



Ste P C: (2R.3S>-^-(N-rh1n^^ v1 -T.-,-c ;r > 1 o, ir ^ v1>a) ^^. 
1- fN-j ?Q3my? -M- -hrt-vl carbamoyl ) } ammn-i-nhpnyl 

butannl 

To a solution of (2R, 3S) -3- (L-isoleucinyl ) amido-1- 
[N-isoamyl-N- (tert-butylcarbamoyl) ] amino-4-phenyl-2- 
butanol, hydrochloride salt. '{2.51 g, 5.02 mmol) in 
tetrahydrcfuran is added 1.0 g. of N-methylmorpholine 
followed by (860 mg, 5.0 mmol) of chloroacetic anhydride 
and stirred fcr three hours. The contents are 
concentrated on a rotary evaporator and diluted with 150 
mL of ethyl acetate, washed with 5% aqueous potassium 
hydrogen sulfate, and 5 0 mL of saturated sodium 
chloride. The organic phase is dried over magnesium 
sulfate, filtered and concentrated to yield 1.9 g of 
crude material which is chromatographed over silica gel 
using an ethyl acetate hexanes eiuant to yield 1.6 g of 
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crystalline material. mp 1S5-6°C, M+K=540. 

Step D: (2R, 25^ -3- (N-methvlaminoacetyl-b-isoleucinv 1 ) 
ami do- 1- 'M-i soamyl-N- * tert-bucvlgarha movl ) 1 amino- 4- 
5 phenvl -2 -butanol or butaneamide. 2-H N- 

mor.omethvlaminoacetyl ) amino 1 -N- f 3 - f r f ( 1 , l- 
dimethvlgr. hvl ) amino 1 carbonvl 1 n -mo- hvlpenryl) amino! - 2- 
* hydroxy- 1- ( ohenvlmethvl ) propyl i -1 . 3 -dimethyl- . F1 S- 
r 2R* (R* ) ) ,25*11* 

10 

To a solution of {2R, 3S) -3- (N-chioroacetyi-L- 
isoleucinyl ) amido-1- [N-isoanyl-N- ( tert- 
butyl carbamoyl) ] amino -4 -phenyl -2 -butanol , 300mg in 5 mg 
in 5 mL of tetrahydrcf uran is added 1.5 mL of 40% 

15 aqueous mechylamine and stirred for 4 hours and 

concentrated on a rotary evaporator. The residue is 
dissolved in 50 mL of ethyl acetate and washed with 
water. The organic phase is dried over magnesium 
sulfate, filtered and concentrated to yield 249 mg of 

20 crude material which is recrystallized from ethyl 

acetate isooctane to yield 149 mg of desired product. 
KRMS calculated 534.4019, found 534.3956. mp = 133- 
134°C. 

2 5 Ex amp 1 e 5 

FART I 

Step A: ( 2 P. . ? S ) - 3 - f M- 1 e r t - bu t v 1 oxv c a rbrsnv 1 - 5 -met h v 1 - L - 
penicillaminvl ) ami do- 1 - f N- isoamv 1 -M- ( t-.er r- 
30 butv Icarbamovl i 1 amino-4-phenvl -2 -butano l 

To a solution of N-3oc-S-methyl-L-penicillamine 
(513 mg, 1.9 mmol) and N-hydroxybenzotriazoie .(298 mg, 
1.9 mmol) in 2 mL of dimethyl formamide , cooled to 0*C, 

3 5 was added EDC (345 mg, 1.3 mmol) . The reaction was 

stirred for 30 minutes and then .(2R, 3S) -3 -amino -1- [N- 
isoamyi-M- ( tert-butyicarbamoyi ) ) amino-4-phenyi-2 -butanol 
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hydrochloride (577 mg, 1.5 mmoi) in 2 mL of DMF and N- 
methylmorpholine (181 uL, 1.6 mmoi) was added. The 
reaction was stirred ac room temperature for 16 hours 
then poured into 50% saturated aqueous NaHC0 3 solution. 
The solid., was collected by suction filtration washed 
with water and dried in-vacuo. The solid was 
chromatographed on silica gel (50 gm) using 2% methanol 
in dichloromethane as the eluting solvent. The product 
was obtained as a white solid, 416 mg (47%). m / z = 595. 

Step B: (2R, Iffl-^/q-iffPrhyi-T.-^nirin^^)^^ --, 
butannl hvrirnrnlm-irfa 

To a solution of (2R, 3S) -3- (N-tert- 

butyloxycarbonyl-S-methyl-L-penicillaminyl)amido-l-[N- 
isoamyi-N- ( tert-butylcarbamoyl) 3 amino -4 -phenyl -2 -butanol 
(850 mg, 1.43 mmoi) in dichloromethane (3.5 mL) was 
added 4N HC1 in dioxane (2.4 mL) . The reaction was 
stirred for 75 minutes, then concentrated to a white 
foam, 750 mg (100%). Used as 13 in the next reaction. 

St£p C: (2R. IS) -V(M-^lnr 0arP r V l -q-Mp,-^ _ T- _ 

Pgmcillanrinvi \ airnnn-i - fM--i q 0asv i.M. (t-o-r r- 
o.Utvicarbamnvi . ) 1 amino-4-nhf»nvl-2-bnt7rinn 1 

To a solution of (2R, 3S) -3- ( S-methyl-L- 
peniciilaminyl)amido-l- [N-isoamyl-N- ( tert- 
butylcarbamoyl ) ] amino-4 -phenyl -2 -butanol hydrochloride 
;560 mg, 1.24 mmoi) and diisopropylethylamine (320 |iL, 
1.S7 mmoi) m dichloromethane (10 mL) at 0°C was added 
chloroacetic anhydride (290 mg, 1.71 mmoi). The 
reaction was brought to room temperature and stirred for 
4d minutes. The solvent was removed on a rotary 
evaporator and the residue partitioned between ethyl 
acetate (50 mL) and 1% citric acid solution (50 mL*) . 
Tne organic solution was washed with saturated NaHCC>3 
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solution (50 mLJ , saturated NaCI solution (50 mL) and 
dried (Na2S04 ) . Filtration and concentration gave a 
white foam, 700 mg (99%) . 

5 Step D: f2R, 3 S ) -3- (N-methviaminoacetvl -S-methvl- L- 
per.icillaminvl ) amido-1- fN-isoawl-N- ( ter t- 
butvl carbamoyl ) 1 amino-4 -ohenvl -2 -bi:r. anol" 

To ( 2R, 3S) -3- (N-chloroacetyl-3-methyl-L- 
10 peniciliaminyl) amido-1- [N-isoamyi-N- ( cert - 

butylcarbamoyl) ]amino-4 -phenyl -2 -butanol (220 mg, 0.38 
mmol) in isopropanol (5 mL) was added 40% aqueous 
methyl amine (0.4 mL, 4.6 mmol). The reaction was 
stirred for '48 hours at room temperature, then 
15 concentrated on a rotary evaporator. The residue was 

taken up in ethyl acetate (20 mL) and washed with water, 
saturated NaHC03, and saturated NaCI (20 mL each) , then 
dried (Na2S04) . The solvent was removed to give a white 
foam (202 mg) which was purified by silica gel 
2 0 chromotography using 2% methanol /dichlorlmethane as the 
eluting solvent, 97 mg (45%). Anal. Calc'd for; 
C29H51N5O4S 0.5 H 2 0: C, 60.59; H, 9.12; N, 12.18. Found; 
C, 60.43; H, 9.09; N, 12.15. 

2 5 PAP.T 1 1 



(2R . 3S ) -3 - ( N, N-dimethvlaminoacetvl -S-methvl- L- 
oenicillaminvl ) amido-1 - ^N-isoarwl-N- ( ter t- 
butylcarbamoyl) 1 amino-4 -phenyl -2 -butanol 

30 

To (2R, 3S) -3- (N-chioroacetyl-S-methyl-L- 
penicillaminyl ) amido-1 - [N-isoamyl-N- ( tert - 
butylcarbamoyl )] amino-4 -phenyl -2 -butanol (220 mg, 0.38 
mmol) in isopropanol (5 mL) was added 40% aqueous 
35 dimethylamine (0.5 mL, 3.9 mmol) . The reaction was 
stirred for 3 hours at room temperature, then 
concentrated on a rotary evaporator. The residue was 
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taken up in ethyl acetate (20 mL) and washed with water, 
saturated NaHC0 3 , and saturated NaCl (20 mL each), then 
dried (Na2S04) . The solvent was removed to give a white 
foam which was purified by silica gel chromocography 
5 using 3% methanol /dichicrimethane as the eluting 

solvent, 101 mg (46%). Anal. Caic'd for; C30H53N5O4S 0.3 
H 2 0: C, 61.45; H, 9.3S; N, 11.94. Found; C, 61.40; H, 
9.56; N, 11.99. 



^xamoie 6 



butvlalvcinvl )* mido-1 - r M-icp^l-N- ' rp r r - 
butvlcarbamov 1 ) larino-g-thgr.vj -2-bur.anp l 
5 methanpcnlfongrp 

To a solution of (2R, 33 ) -3 (N-methylaminoacetyl-L- 
tert-butylglycinyl) amidc-1- [N-isoarnyl-N- ( tert- 
butylcarbamoyl )] amino -4 -phenyl -2 -butanol (497 mg, 0.9 

0 mmol) in dichioromethane (10 mL) was added 

methanesulfomc acid (51 uL, 0.9 mmol). The solution 
was concentrated and the residue taken uo in 
acetcnitriie (2.5 mL] . To this was added diethyl ether 
(2 0 mL) The product appeared as an oil. The ether was 

5 decanted and replaced with fresh ether (20 mL) and the 
oil triturated. A white solid formed. The ether was 
again decanted and replaced and the solid triturated 
overnight. The solid was collected by suction 
filtration, washed with ether and dried m- vacuo, 377 mg 

0 (64%). IK NMR (CDCI3! d 0.S5 ;s, 9K, t-Bu) , 0.95 (dd, 
6H, i-amyl), 1.27 (5, SH, t-3u) , 2.83 (s, 3H, MeS03-), 
2.88 (bs, 3H, NMe ) , 7.30 (m,5H, ArH ) . ' 

Consistent with more preferred general procedure 
5 above describing the preparation of the epoxide 

intermediate, the following Examples 7-9 exemplify the 
more preferred method of preparing the N,N, aipha-S- 
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Tris (phenylmethyl) -2S-oxiranemethanamine, useful as an 
intermediate in the described general procedure. 

Example 7 

5 

£-2- fRis f phsnvlmethvi ) amine 1 ben = gner?ronann 1 
METHOD 1: 

10 Step !:■ Benzyiation of L-Phenylalanine 

A solution of L-phenylalanine {50.0 g, 0.302 mol), 
sodium hydroxide (24.2 g, 0.605 mol) and pocassium 
carbonace (83.6 g, 0.605 mol) m water (500 mL) was 

15 heated to 97 *C. Benzyl bromide (108.5 mL, 0.605 mol) 
was then slowly added (addition time - 2 5 min) . The 
mixture was stirred at 97 *C for 30 minutes under a 
nitrogen atmosphere. The solution was cooled to room 
temperature and extracted with toluene (2.x 250 mL) . The 

2 0 combined organic layers were washed with water and 
brine, dried over magnesium sulfate, filtered and 
concentrated to an oil. The identity of the product was 
confirmed as follows. Analytical TLC (10% ethyl 
acetate/hexane, silica gel) showed major component at Rf 

25 value = 0.32 to be the desired tribenzylated compound, 
N,N-bis (phenyimethyi) -L-phenylalanine phenylmethyl 
ester. This compound can be purified by column 
chromatography (silica gel, 15% ethyl acetate/hexanes ) . 
Usually the product is pure enough to be used directly 

30 in the next step without further purification. 1H NMR 

spectrum was in agreement with published literature. IK 
NMR (CDCL3 ) d, 3.00 and 3.14 (A3X-system, 2K, JAB=14.1 
Hz, JAX=7.3 Hz and J3X= 5.9 Hz) , 3.54 and 3.92 (A3- 
System, 4 H, JA3 = 13.9 Hz)., 3. 71 (t, 1H, J=7 . 6 Hz), 5.11 

35 and 5.23 (AB-System, 2H , JA5=12.3 Hz), and 7.13 (m, 20 
H) . EIMS : m/z 434 (M-l ) . 
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Step 2: fis-2- [Bis (phenylmethyl) amino ] benzenepropanol 
from the DIBAL Reduction of N, N-bis (phenylmethyl ) -L- 
Phenylalanine phenylmethyl escer 

5 The benzylated phenylalanine phenylmethyl ester 

(0.302 mol) from the previous reaction was dissolved in 
toluene (750 mL) and cooled to -55 *C. A 1.5 M solution 
of DIBAL in toluene (443.9 mL, 0.666 mol) was added at a 
rate to maintain the temperature between -55 to -50 *C 
10 (addition time - 1 hr) . The mixture was stirred for 20 
minutes under a nitrogen atmosphere and then quenched at 
-55 *C by the slow addition of methanol (37 ml) . The 
cold solution was then poured into cold (5*C) 1.5 n HC1 
solution (1.8 ! L). The precipitated solid (approx. 138 g) 
15 was filtered off and washed with toluene. The solid 

material was suspended in a mixture of toluene (400 mL) 
and water (100 ml) . The mixture was cooled to 5'C and 
treated with 2.5 NNaOH (186 mL) and then stirred at 
room temperature until solid dissolved. The toluene 
layer was separated from the aqueous phase and washed 
with water and brine, dried over magnesium sulfate, 
filtered and concentrated to a volume of 75 mL (89 g) . 
Ethyl acetate (25 mL) and hexane (25 mL) were added to 
the residue upon which the desired alcohol product began 
to crystallize. After 30 min, an additional 50 mL 
hexane were added to promote further crystallization. 
The solid was filtered off and washed with 50 mL hexane 
to give 34.9 g of first crop product. A second crop of 
product (5.6 g) was isolated by refiltering the mother 
30 liquor. The two crops were combined and recrystailized 
from ethyl acetate (20 mL) and hexane (30 mL) to give 40 
g of ES2- [Bis (phenylmethyl) amino j benzenepropanol, 40% 
yield from L-phenylalanine . An additional 7 g (7%) of 
product can be obtained from recrystallization of the 
35 concentrated mother liquor. TLC of product Rf = 0.23 

(10% ethyl acetate/hexane, silica gel);lH NMR (CDC13) 9 
2.44 (m, 1H,) ( 3.09 (m, 2H) , 3.33 (m, IK), 3.48 and 



20 



25 
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3.92 (A3-System, 4K, JAB= 13.3 Hz) , 3.52 (m, IK) and 
7.23 (m, 15K); [a]D25 +42.4 (c 1.45, CH2C12); DSC 
77.67'C; Anal. Calcd.for C23K250N: C, 83.34; H , 7.60; N, 
4.22. Found: C, 83.43; H , 7.59; N, 4.22. HPLC on chiral 
5 stationary phase: Cyciobcnd I S? column (250 x 4.6 mm 
I.D.), mobile phase: methanol / triethyi ammonium acetate 
buffer pH 4.2 (58:42, v/v) , flow-rate of 0.5 ml/min, 
detection with detector at 230nm and a temperature of 
0*C. Retention time: 11.25 min . , retention time of the 
10 desired product enantiomer: 12 . E min. 

METHOD 2: 

Preparation of SS-2- [Bis (phenyimethyi ) amino] benzene- 
15 propanol from the N, N-Dibenzylation of L-Phenylalaninol : 

L-phenylaianinoi (176.6 g, 1.168 mol) was added to 
a stirred solution of potassium carbonate (484.6 g, 
3.506 mol) in 710 mL of water. The mixture was heated to 

20 65 "C under a nitrogen atmosphere. A solution of benzyl 
bromide (400 g, 2.339 mol) in 3A ethanol (305 mL) was 
added at a rate that maintained the temperature between 
50-68*C. The biphasic solution was stirred at 65*C for 
55 mm and then allowed to cool to 10 * C with vigorous 

25 stirring. .The oily product solidified into small 
granules. The product was diluted with 2.0 L of tap 
water and stirred for 5 minutes to dissolve the 
inorganic by products. The product was isolated by 
filtration under reduced pressure and washed with water 

30 until the pH is 7. The crude product obtained was air 
dried overnight to give a semi-dry solid (407 g) which 
was recrystailized from 1.1 L cf ethyl acetate/heptane 
(1:10 by volume) . The product was isolated by 
filtration (at -8*C ), washed with 1.6 L of cold ( - 

35 iO'C) ethyl acetate/heptane (1:10 by volume! and air- 
dried to give 339 g (88% yield) of 3S-2- 
[Bis (phenyimethyi ) amino] benzene-propanol , mp 71.5- 
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73.0'C. More produce can be obtained from the mother 
liquor if necessary. The other analytical 
characterization was identical to compound prepared as 
described in Method 1 . 

■5 

Example 8 

alpha-?- f3i s (phenylmethvl ) ami n ol ben7Pnppronana 1 HphvH o 
10 METHOD 1: 



20 



SS-2-[Bis (phenylmethyl) amino ] benzene-propanol (2 00 
g, 0.604 mol) was dissolved in triethyiamine (3 00 mL, 
2.15 mol) . The mixture was cooled to 12 "C and a 
15 solution of sulfur trioxide/pyridine complex (3 80 g, 
2.3 9 mol) in DMSO (1.6 L ) was added at a rate to 
maintain the temperature between 8-17 'C (addition time - 
1.0 h) . The solution was stirred at ambient temperature 
under a nitrogen atmosphere for 1.5 hours at which time 
the reaction was complete by TLC analysis (33% ethyl 
acetate/hexane, silica gel). The reaction mixture was 
cooled with ice water and quenched with 1.6 L of cold 
water (10-15*0 over 45 minutes. The resultant solution 
was extracted with ethyl acetate (2.0 L ) , washed with 5% 
25 citric acid (2.0 L), and brine (2.2 L), dried over MgS04 
(280 g) and filtered. The solvent was removed on a 
rotary evaporator at 3 5-40 'C and then dried under vacuum 
to give 198.8 g of alpha-S- [Bis- (phenylmethyl ) amino] - 
benzenepropanaldehyde as a pale yellow oil (99.9%) . The 
crude product obtained was pure enough to be used 
directly in the next step without purification. The 
analytical data of the compound were consistent with the 
published literature . [alpha] D 25 = -92.9 " (c 1.87, 
CH 2 C1 2 ); 1H NMR (400 MHz , CDC13 ) delta, 2.94 and 3.15 
(ABX-Syscem, 2H, JAB= 13.9 Hz, JAX= 7.3 Hz and JBX = 
6.2 Hz), 3.55 (t, 1H, 7.1 Hz), 3.69 and 3.82 (AB-System, 
4H, JAB= 13.7 Hz), 7.25 (m, 15 K) and 9.72 (s, 1H) ; 



30 
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KRMS calcd for (M+l) C23K24NO 230.450, found: 330 .1836. 
Anal. Calcd. for C22H220N: C, S3. 86; K, 7.04; N, 4.25. 
Found: C, 83.64; K, 7.42; N, 4.15. KPLC on chiral 
stationary phase: (3,5) Pirkie— Wheik-0 1 column (250 x 
4.6 mm I . D . ) , mobile phase: hexane/ isopropancl 
(99.5:0.5, v/v) , flow-rate: 1.5 mi /min, detection with 
UV detector at 210nm. Retention time of the desired S- 
isomer: 8.75 min., retention time of the R-enanatiomer 
10.62 min. 

METHOD 2: 

A solution of oxaiyi chloride (8.4 ml, 0.096 mol) 
in dichi or one thane (24 0 mi) was cooled to -7 4 "C. A 
solution of DMSO (12.0 ml, 0.155 mol) in dichioromethane 
(50 ml) was then slowly added an a rate to maintain the 
temperature at -74*C (addition time -1.25 hr) . The 
mixture was stirred for 5 mm. followed by addition of a 
solution of the alcohol (0.074 mol) in 100 ml of 
dichioromethane (addition time -20 min., temp. -75 "C to 
-68*C) . The solution was. stirred at -78 *C for 35 
minutes under a nitrogen atmosphere. Triethylamine 
(41.2 ml, 0.2 95 mol) was then added over 10 min. (temp. 
-78' to -5 8 *C; upon which the ammonium salt 
procipitated. The cold mixture was stirred for 3 0 min. 
and then water (225 mi) was added. The dichioromethane 
layer was separated from the aqueous phase and washed 
with water, brine, dried over magnesium sulfate, 
filtered and concentrated. The residue was diluted with 
ethyl acetate and hexane and then filtered to further 
remove the ammonium salt. The filtrate was concentrated 
to give the desired aldehyde product. The aldehyde was 
carried on to the next step without purification. 



10 
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Example 9 

N,N-alpha-P-T^is fnhpny.i nethvi ) - 2S- ox -i ^np^r.h^^. p 
5 METHOD 1: 

A solution of aipha-S- 
[Bis (phenylmethyl) amino] benzene-propanaldehyde (191.7 g, 
0.58 mol) and chloroiodomethane (56.4 mL, 0.77 mol) in 
tetrahydrofuran (1.8 L) was cooled to -30 to -35 - c 
(colder temperature such as -70 *C also worked well but 
warmer temperatures are more readily achieved in laroe 
scale operations) in a stainless steel reactor under a 
nitrogen atmosphere. A solution of n-butyllithium in 
15 hexane (1.6 M, 365 mL, 0.58 mol) was then added at a 

rate that maintained the temperature below -25 'C. After 
addition the mixture was stirred at -30 to -35 *c for 10 
minutes. More additions of reagents were carried out in 
the following manner: (1) additional chloroiodomethane 
(17 mL) was added, followed by n-butyllithium (110 mL) 
at < -25 "C. After addition the mixture was stirred at 
-3 0 to -35 'C for 10 minutes. This was repeated once. 

(2) Additional chloroiodomethane (8.5 mL, 0. 11 mol) was 
added, followed by n-butyllithium (55 mL, 0.088 mol) at 

25 <-25*C. After addition the mixture was stirred at -30 
to -35 *C for 10 minutes. This was repeated 5 times. 

(3) Additional chloroiodomethane (8.5 mL, 0.11 mol) was 
added, followed by n-butyllithium (37 mL, 0.059 mol) at 
<-25*C. After addition the mixture was stirred at -30 

30 to -35 "C for 10 minutes. This was repeated once. The 
external cooling was stopped and the mixture warmed to 
ambient temp, over 4 to 16 hours when TLC (silica gel, 
20% ethyl acetate/hexane ) indicated that the reaction 
was completed. The reaction mixture was cooled to 10 *C 
and quenched with 1452 g of 16% ammonium chloride 
solution (prepared by dissolving 232 g of ammonium 
chloride in 1220 mL of water), keeping the temperature 
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beiow 23 # C. The mixture was stirred for 10 minutes and 
theorganic and aqueous layers were separated. The 
aqueous phase was extracted with ethyl acetate (2x 500 
mL) . The ethyl acetate layer was combined with the 
5 tetrahvdrofuran layer. The combined solution was dried 
over magnesium sulfate (220 g) , filtered and 
concentrated on a rotary evaporator at 65 *C. The brown 
oil residue was dried at 70 # C"in vacuo (0.8 bar) for 1 h 
to give 222.8 g of crude material. (The crude product 

10 weight was >100%. Due to the relative instability of 
the product on silica gel, the crude product is usually 
used directly in the next step without purification) . 
The diastereomeric ratio of the crude mixture was 
determined by proton NMR: (2S)./(2R) : 86:14. The minor 

15 and major epoxide diastereomers were characterised in 
this mixture by tic analysis (silica gel, 10% ethyl 
acetate/hexane) , Rf = 0.29 & 0.32, respectively. An 
analytical sample of each of the diastereomers was 
obtained by purification on silica-gel chromatography 

20 (3% ethyl acetate/hexane) and characterized as follows: 

N,N-aipha-S-Tris (phenylmethyi ) -2S-oxiranemethanamine 

1H NMR (400 MHz , CDC13 ) delta 2.49 and 2.51 (AB-System, 
25 1H, JAB = 2.82), 2.76 and 2.77 (AB-System, IK, JAB = 

4.03), 2.83 (m, 2H)., 2.99 & 3.03 (AB-System, 1H, JAB = 
10.1 Hz), 3.15 (m, 1H) , 3.73 & 3.84 (AB-System, 4K, JAB 
= 14.00), 7.21 (m, 15H) ; 13C NMR (400 MHz,CDC13) delta 
139.55, 129.45, 128.42, 128.14, 128.09, 126.84, 125.97, 
30 60.32, 54.23, 52.13, 45.99, 33.76; HRMS calcd for 
C 2 4K 2 sNO (M+l) 344.477, found 344.2003. 

N t N-alpha-S-Tris (phenylmethyi) -2R-oxiranemethanamine 

35 1H NMR (300 MHz , CDC 13 ) delta 2.20 (m, 1H) , 2.59 (m, 

1H) , 2.75 (m, 2H) , 2.97 (m, 1H) , 3.14 (m, 1H) , 3.85 (AB 
System, 4H) , 7.25 (m, 15K) .HPLC on chiral stationary 
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20 



25 



Phase: Pirkle-Whelk-0 1 column (250 x 4.6 mm I d ) 
mobile phase: hexane/isopropanol (99.5:0.5, v/v) flow- 
race: 1.5 ml/nun, detection with UV detector at 210nm 
Retention time of (8) : 9.38 min., retention time of 
enanatiomer of (4): 13.75 min. 



METHOD 2 



A solution of the crude aldehyde 0.074 mol and 
chloroiodomethane (7 _ Q Q w ^ tetrahydro . uran 

(285 ml) was cooled to -78 'C, under a ni^ogen 
atmosphere. 1.6 M solution of n- butyllithium <„ 
hexane (25 ml, 0.040 mol) was chen added at a rati to 
maintain the temperature ac -75 'C (addition time - 15 
15 mm.,. After the first addition, additional 

chloroiodomethane (1.6 ml, 0.022 mol) was added again 
followed by n-butyllithiua (23 ml, 0.037 mol), Xeeoing 
the temperature at -75 'C. The mixture was stirred" for 
-5 mm. Each of the reagents, chloroiodomethane (0 70 
ml 0.010 mol) and n-butyllithium (5 mi, 0.00.8 mol, were 
added 4 more times over 45 min. at -75 'C. The cooling 
batn was then removed and the solution warmed to 22 "C 
over 1.5 hr. The mixture was poured into 300 mi of 
saturated aq. ammonium chloride solution The 
tetrahydrofuran layer was separated. The aqueous phase 
was extracted with ethyl acetate (1 x 300 ml) The 
combined organic layers were washed with brine, dried 

over magnesium sulfate' fi' it-ov- 0 ~ =™ 

au ' c-icerea ana concentrated to 

give a brown oi^ (?7 /i ^1 mu ~ 
, n . ~ U ' " g) • Ths Proauct could be used in 

30 the next step without purification. The desired 

diastereomer can be purified by recrystallization at a 

subsequent step. The product could also be puri^ by 

chromatography. 

3 5 METHOD 3 : 

A solution of alpha-S-[3is(phenyimethyi)ammo] 
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benzene-propanaldehyde (178.84 g, 0.54 mol) and 
bromochioromethane (46 mL, 0.71 mol) in tetrahydrof uran 
(1.8 L) was cooled to -30 to -35 "C (colder temperature 
such as -70 *C also worked well but wanner temperatures 
5 are more readily achieved in large scale operations) in 
a stainless steel reactor under a nitrogen atmosphere. 
A solution of n-butyliithium in hexane (1.6 M, 340 mL, 
0.54 mol) was then added at a rate that maintained the 
temperature below -25 *C. After addition the mixture was 
0 stirred at -30 to -35 "C for 10 minutes. More additions 
of reagents were carried out in the following manner: 
(1) additional, bromochioromethane (14 mL) was added, 
followed by n-butyllithium (102 mL) at < -25 'C. After 
addition the mixture was stirred at -30 to -35 'C for 10 
5 minutes. This was repeated once. (2) Additional 

bromochioromethane (7 mL, 0.11 mol) was added, followed 
by n-butyllithium (51 mL, 0.082 mol) at <-25*C. After 
addition the mixture was stirred at -3 0 to -3 5 *C for 10 
minutes. This was repeated 5 times. (3) Additional 
0 bromochioromethane (7 mL, 0.11 mol) was added, followed 
by n-butyllithium (51 mL, 0.082 mol) at <-25'C. After 
addition the mixture was stirred at -3 0 to -3 5 "C for 10 
minutes. This was repeated once. The external cooling 
was stopped and the mixture warmed to ambient temp, over 
5 4 to 15 hours when TLC (silica gel, 2 0% ethyl 
acetate/hexane) indicated that the reaction was 
completed. The reaction mixture was cooled to 10 *C and 
quenched with 1452 g of 16%ammonium chloride solution 
(prepared by dissolving 232 g of ammonium chloride in 
0 1220 mL of water), keeping the temperature below 23*C. 
The mixture was stirred for 10 minutes and theorganic 
and aqueous layers were separated. The aqueous phase 
was extracted with ethyl acetate (2x 500 mL) . The ethyl 
acetate layer was combined with the tetrahydrof uran 
5 layer. The combined solution was dried over magnesium 
sulfate (220 g) , filtered and concentrated on a rotary 
evaporator at 65 \C . The brown oil residue was dried at 
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70-C in vacuo (0.8 bar) for 1 h to give 222.8 g of crude 
material. The desired product may be obtained in a 
manner similar to methods 1 and 2 above. 



Example 10 

phenvlbutvl 1 -M'- n , l-riirnprhvl gfhvi ) -nj-( t- 
methvlbutvl ) h-tm 

To a solution of 168g (0.489 mol) of crude epoxide, 
(N,N-alpha-S-tris (phenyimethyl ) -2S-oxiranemethanamine as 
prepared in Example 9, in 2 90 mL of isopropanol, was 
added 290 mL of isoamyiamme . The solution was refluxed 
for two hours, cooled and concentrated. The residue was 
dissolved in 670 mL of ethyl acetate, washed with water 
and then brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated to afford 194.4 g of crude 
amino alcohol. This was dissolved in 1L of ethyl 
acetate, cooled to 0°C and 52 mL (0.45 mol) of tertiary- 
butyl isocyanate was added. The ice bath was removed 
and after stirring at room temperature for one hour, the 
solution was washed with 350 mL of 5% aqueous citric 
arid. 350 mL of saturated aqueous sodium bicarbonate and 
then 3 50 mL of saturated sodium chloride. The solution 
was dried over anhydrous magnesium sulfate, filtered and 
concentrated. The residue was dissolved in 3 00 mL of 
hot heptane, slowly cooled to room temperature and then 
tc 0°C. The resulting tan solid was collected and 
washed with cold heptane to afford 107. 5g of the desired 
urea derivative, which was identified as N-[3S- 
i b i s ( pheny ime t hy 1 ) amino ] - 2 R- hydroxy - 4 -pheny Ibuty 1 ] -N 1 - 
(l,I-dimethylethyl)-N-(3-methylbutyl)urea, mp 120-122°C. 
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Example 11 

( 2R, 3S) -3-Amino-l -isoainvl-l- ( tert -butyl carbamoyl ) ammn- 

5 

A solution of N- [3S- [bis (phenylmethyl ) amino] -2R- 
hydroxy-4-phenyibutyi] -N 1 - (1 , 1-dimethylethyl ) -N- (3 - 
methylbutyl) urea (147. Og, 227 mmoi ) , prepared according 
to the method of Example 10 above, in ethanol (1.47 L) 

10 and 20% palladium hydrcxide-on-carbon (47. 6g) are placed 
in a 2.5 L Parr bottle and purged 5 times with nitrogen 
and 5 times with hydrogen. The hydrogen pressure is set 
at 60 psi and the reaction mixture is agitated on a Parr 
shaker for 6 hours. The catalyst is removed by 

15 filtration through a sintered glass funnel and 

concentrated to an off white foam. Final traces of 
solvent are removed in-vacuo to provide 98. 3g (101%) of 
(2R, 3S) -3-amino-l-isoamyl-l- ( tert -butyl carbamoyl ) amino - 
4 -phenyl -2 -but anoi , the compound of Example 2, Step E 

2 0 above . 

Example 12 

Following the methods of Example 2, the compounds 
25 of Table 1 were prepared from the appropriate 
corresponding starting materials: 



WO 95/06061 



PCT/US94/08697 



48 
TABLE I 




Entrv No. 



3 



Rl 



-C (CH312 (S[0]CH3) 
-C (CH3)2 (S[0]2CH3 
-CH(CH 3 ) 2 



r.xair.o i e 



— 3S) -3- < N-benzv 1 oxvca rhonvl -M-met fry 3 - T.-alaninvl - T,- 
terr-butvlalv- r.vi' s-ino-l- 'M-isoawl -M- ftsr r- 
butvlcarbamn vl ' * am: r.o-4 -nher.vi - 2 -butanol 

To a solution cf N-Cbz-N-methyl-L-alanine (237 mg; i 
mmol) in DMF (2 mL) was added HOST (168 mg; I . 1 mmol). 
The solution was cooled to 0°C and EDC (211 mg; 1.1 mmol) 
was added. After 4 5 minutes the product cf Example 2, 
Step G above (44 6 mg; 1.0 mmol) m DMF (2 mL) was added 
and the reaction stirred at ambient temperature for 18 
hours. The reaction was diluted with water (50 mL) and 
extracted with EtCAc C x 50 ml}. The combined organic 
layers were washed with water (3 x 50 mL) and saturated 
NaCl solution (30 mL) , -her. dried (MgS0 4 ) . The solution 
was concentrated on a rotary evaporator to a foam. The 
crude produce was chromatcgraphed on silica (50 gm) using 
2% MeOK/CH 2 Cl 2 as the eluting solvent. A white solid was 
obtained: 384 mg (56%) . Analysis calculated for 
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C38K59N5O6.O.5 K 2 0: C, 65.06; H, 8.75; N, 10.14. Found: 
C, 66.02; H, 8.77; N, 10.39. 

Example 14 

5 

(2R, 3S) -3- ^7-methvl -L-alanin/vl - L-t err - 
butvlalvcin vl ) amino- 1- fM-isoainvl-N- ' t er r - 
butvl carbamoyl) 1 ami no -4 -nhenvl -2 -bur and 

10 The product from Example 13 above (100 mg, 0.14 

mmol) and 10% Pd on carbon (40 mg) were combined in MeOE 
(10 mL) . To this was added ammonium formate (92 mg, 
1.40 mmol) in water (1 mL) . The reaction was stirred at 
ambient temperature for 18 hours. The reaction was 

15 filtered through diatomaceous earth and concentrated to 
a white solid. The solid was partitioned between EtOAc 
and saturated NaHC03 (40 mL each) . The EtOAc layer was 
extracted with saturated NaHC03 , water and saturated 
NaCl (20 mL each) . The solution was dried (MgS04) and 

20 concentrated to a white solid, 74 mg (96%). Analysis 
calculated for C30H53N5O4: C, 65.78; H, 9.75; N, 12.78. 
Found: C, 65.76; H, 9.99; N, 12.47. 

Example 15 

25 

(2R, 3 S ) — - (N -benzy loxvcarbonvl -N-merhvl -P-aianiny 1 - L- 
tert-butvlalycinvDamino-l- fN-isoamv] -M-ff^- 
bu t v 1 c a r bamov 1> 1 amin o - 4 - ohenv 1 - 2 - bu t a no 1 

30 To a solution cf M-Cbz-N-methyl -D-alanine (17S mg; 

0.75 mmol) in DMF (3 mL) was added KOBT (116 mg; 0.76 
mmol) . The solution was cooled to 0°C and EDC (144 mg; 
0.75 mmol) was added. After 45 minutes the product of 
Example 2, Step G above (312 mg; 0.7 mmol) in DMF (2 mL) 

35 was added and the reaction stirred at ambient 

temperature for 18 hours. The reaction was diluted with 
50% saturated NaHC03 solution (30 mL) and extracted with 
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EtOAc (2 x 3 0 mL) . The combined organic layers were 
washed with saturated NaHC03 , water, 1 N HC1, water, and 
saturated NaCl (30 mL each) , then dried (MgS0 4 ) . The 
solution was concentrated on a rotary evaporator to an 
oil. The-., crude product was chroma tographed on silica 
(50 gm) using 2% MeOH/CH 2 Cl 2 as the eiuting solvent. A 
white foam was obtained: 272 mg (57%). Analysis 
calculated for C38H59N5O6 . 0 . 3 K 2 0: C, 66.41; H, 8.74; N, 
10.19. Found: C, 66.45; H, 8.91; N, 10.11. 

Example 16 

f 2R. ?si -3- (M-Tn eehvl -p-^l^.ir.vl-L^°>-r- 
butvlalvcinvf ) ^mino-i - rN-isoaTnvl-N- ftor r- 
15 butvl carbamoyl ) } amino-4 -phenyl -2-butano l 

The product from Example 15 above (100 mg, 0.14 
mmol) and 10% Pd on carbon (27 mg) was dissolved in 10:1 
MeOH/H 2 0 (8 mL) . To this was added ammonium formate {92 
20 mg, 1.40 mmol) in water (1 mL) . The reaction was 
stirred at ambient temperature for 4 hours, chen 
filtered through diatomaceous earth and concentrated to 
an oil. The oil was partitioned between EtOAc and 
saturated NaHC03 (40 mL each) . The EtOAc layer was 
25 extracted with saturated NaHC0 3 , water and saturated 
NaCl (40 mL each) . The solution was dried (MgS0 4 ) and 
concentrated to a colorless glass, 73 mg (95%) . 
Analysis calculated for C30H53N5O4 . 0 . 2- H 2 0: C, 65.35 ; H, 
76; N, 12.70. Found: C, 65.25; K, 9.68; N, 12.34. 



30 



Q 



ExamDle 17 



<2R, (M-r^rf -butnyr^r.q rbonvl-crlvcinyl 

butvlolvr-j nvl ) amino- 1- f M-isoamv 1 -N- (^prr- 
35 bucvlcarbamovl ) 1 amino-4 -nhpnvl -2 -bur gnn l 

To a solution of N-Boc-giycine (131 mg; 0.75 mmol) 
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in DMF (3 mL) was added HOBT (115 mg ; 0.7 6 mmol) . The 
solution was cooled to 0°C and EDC (144 mg; 0.75 mmol) 
was added. After 45 minutes the product of Example 2, 
Step G above (312 mg; 0.7 mmol) in DMF (2 mL) was added 
5 and the reaction stirred at ambient temperature for 18 
hours. The reaction was diluted with 50% saturated 
NaHC03 solution (35 mL) and extracted with EtOAc (2 x 30 
mL) . The combined organic layers were washed with 
saturated NaHCC>3 , water, 5% citric acid, water, and 

10 saturated NaCl (30 mL each), then dried (MgS04) . The 
solution was concentrated on a rotary evaporator to a 
foam. The crude produce was chromatographed on silica 
(50 gnu using .2% MeOH/CK2Cl2 as the eiuting solvent. A 
white foam wai obtained: 270 mg (43%) . Analysis 

15 calculated for C33H57N5O6 . 0 . 2 K 2 0: C, 63.58; K, 9.28; N, 
11.23. Found: C, 63.52; H, 9.06; N, 10.97. 



Example 18 

f 2R, 3S* -3- f alvcinvl-L-t.ert-buf-v lQlvrinvl) amino- 1 - f N- 
ig<?3mvl-H- ' terc-butvlcarbamovl ) 1 amino-4 -nhenvl -2 -butano l 
Hydrochloride Salr. 



To a CH2CI2 (2 mL) solution of the product of 

2 5 Example 17 above was added 4 N KC1 in dioxane (2 mL) . 

The reaction was stirred at ambient temperature for 1 
hour then concentrated to a solid. The solid was chased 
with MeOK, then CH 2 C1 2 - The solid was taken up in 
CH2CI2 and filtered through a 0.45 micron PTFE filter 

3 0 disc. The solvent was evaporated and the resulting 

solid dried in-vacuo, 73 mg (82%) . Analysis calculated 
for C28K50N5O4CI.I.25 K 2 0: C, 58.11; H, 9.14; N, 12.10. 
Found: C, 58.25; H, 8.84; N, 11.71. 
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3/ 

Exairrole 19 



(2R, 35) fN-hpn7-vloxvr3>- honvl-L-nrolvl -T-rpr r- 
butvlolvr-invl) aminn -1- r NT- -i cnamvl -M-fi-or f- 
butvl carbamoyl ) 1 am ino-4-nh.envl -2 -hnrapn l 

To a solution of N-Cbz-L-proline (119. mg; 0.48 
mmol) in DMF (4 mL) was added HOBT (61 mg; 0.46 mmol) 
and EDC (87 mg; 0.46 mmol) . After 45 minutes the product 
of Example 2, Step G above (200 mg; 0.43 mmol) in DMF (4 
mL) was added and the reaction stirred at ambient 
temperature for 18 hours. The reaction was concentrated 
and the residue taken up in EtOAc (30 mL) . The solution 
was washed with 1 N HC1 , saturated NaHC0 3 and saturated 
15 NaCl (30 mL each), then dried (Na 2 S0 4 ) . The solution 
was concentrated on a rotary evaporator to a foam, 237 
mg (80%) . The product was identified by its NMR 
spectrum. 



Example 20 



( 2 fi, 3$) -T- 'T.-proIvl - T,-t-. fi rr - hur v lol vr < ny \ ) ami nn-l - f KT- 
isoamvl-N- r^rr-hnrvlr-grbainnyl ) 1 ami nn-a-nhenvl -7-hiir aT1 n l 

25 The Product of Example 19 above (205 mg, 0.3 mmol) 

was dissolved in MeOH (15 mL) and to this was added 10% 
Pd on carbon. The mixture was hydrogenated at 5 psi of 
hydrogen at ambient temperature for 4 hours. The 
reaction mixture was filtered through diatomaceous earth 
and concentrated to a gummy solid, 160 mg (95%) . The 
product was identified by its NMR spectrum. . 

Following the procedures of Examples 19 and 20, the 
corresponding D-prolyl compound can also be prepared. 
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example 21 

(2R, 35) -3 - (N-tert-bucor/carbonvi -L-crolvl-L-ror t- 
butvlclvrinvl ) amine-1- f w-isQawl-M-^gr t- 
butvl carbamoyl ) 1 amino-4 -ohenvl -2 -butanc l 

To a solution of N-5cc-L -pro line (104 mg; 0.48 
mmol) in DMF (5 mL) was added KOET (62 mg; 0.4 6 mmol) 
and EDC (89 mg; 0.46 mmol) . After 45 minutes Che. 
product of Example 2, Step G above (200 mg; 0.43 mmol) 
in DMF (3 mL) was added and the reaction stirred at 
ambient temperature for IS hours. The reaction was 
concentrated and the residue taken up in EtOAc (30 mL) . 
The solution was washed with i N HCi, saturated NaHC03 
and saturated NaCl (30 mL each; , then dried (Na2S04) . 
The solution was concentrated on a rotary evaporator to 
a foam, 185 mg (65 %) . The product was identified by 
its NMR spectrum and combustion analysis. Analysis 
calculated for C36K61N5O5 .0.5 H 2 0: C, 64.64; H, 9.34; N, 
10.47. Found: C, 64.44; K , 9.10; N, 10.76. 

Ixamp 1 e 22 

(2R. IS) -3 - Hv-ber. ~'lcxv" rbor.vl -N-met hvi -D-aianinvl - L- 
isoleucinvi ) am mo- 2 - r M- isoamvl -M- 
butvlcarbamovl ) 1 aminc-4 - p'ner.vi-2 -butano l 

To a solution of N-Cbz-M-methyi-D-alanine (115 mg; 
0.48 mmol) in DMF (3 mL) was added HOBT (62 mg; 0-.4 6 
mmol) . The solution was cooled to 0°C and EDC (89 mg; 
0.46 mmol) was added. After 45 minutes the free base of 
the product of Example 4, Step 3 above (2 00 mg; 0.43 
mmol) in DMF (3 mL; was added and the reaction stirred 
at ambient temperature for 3 hours. The reaction was 
concentrated and the residue dissolved in EtOAc (30 mL) . 
The organic solution was washed with! N HCI, saturated 
NaHCO}, and saturated MaCi (30 mL each) , then dried 
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(Na2S0 4 ) . The solution was concentrated on a rotary 
evaporator to a white solid, 253 mg (87%) . The product 
was identified by its NMR spectrum. 

5 Example 23 

(2R. 3S) -^-(N-Tner.hvl-n-qlaninvl-T. -isolAnri n vi ) m inn- u 
fW-iSPflmvl -N T ~ f t-^Tt-burvl rsrbamnvi ) 1 ^jno-4-nh^y i 

butanoi 

0 

The product from Example 22 above (258 mg, 0.38 
mmol) and 10% Pd on carbon (26 mg) was dissolved in MeOH 
(10 mL) . The reaction was hydrogenated at 5 psi at 
ambient temperature for 3 hours. The reaction was 

5 filtered through diatomaceous earth and concentrated to 
a foam. The solid was chromatographed on silica (50 gm) 
using 2% MeOH/CH 2 Cl 2 as the eluting solvent. The 
solvent was concentrated to give a white solid, 190 mg 
(91%). Analysis calculated for C 3 oK 5 3N 5 04 . 0 . 3 H 2 0: C, 

0 65.13; H, 9.76; N, 12.66. Found: C, 64.85; H, 9.84; N, 
12.24. 



Example 2 4 

5 '2?,, IS) -3- (N-hfinzvlnwra rbonvi -T.-nroTvl - t- 
isoleucinyT ) amino-! - rw -isoamvl -M- t ton - 
butvlcarhamn yl ) 1 amino-4-nhf»nvl-2 -bnf^n l 

To a solution of N-Cbz-L-proline (121 mg; 0.48 
0 mmol) in DMF (3 .mL) was added HOST (62 mg; 0.46 mmol) 
and EDC (87 mg; 0.46 mmol). After 45 minutes the free 
base of the product of Example 4, Step B above (200 mg; 
0.43 mmol) in DMF (5 mL) was added and the reaction 
stirred at ambient temperature for 4 hours. The 
5 reaction was concentrated and the residue dissolved in 
EtOAc (30 mL) . The organic solution was washed with 1 N 
HC1, saturated NaHC0 3 , and saturated NaCl (30 mL each), 
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Chen dried (Na 2 S0 4 ) . The solution was concentrated on a 
rotary evaporator to a white solid, 266 mg (89%) . The 
product was identified by its NMR spectrum. 

5 Example 25 

( 2R , ? r fi) - WL-prolvl-L-isol Pimmvl ) ami no-1- . r M-i c^sniyi - m. 
rterr.-hni-Y 1 carbamoy l) 1 aminn-4-nhPnvl-2 -butann l 

10 The product from Example 24 above (2 66 mg, 0.38 

mmol) and 10% Pd on carbon (26 mg) was dissolved in MeOH 
(10 mL) . The reaction was hydrogenated at 5 psi at 
ambient temperature for 2 hours. The reaction was 
filtered thrbugh diatomaceous earth and concentrated to 

15 an foam, 202 mg (95%) . Analysis calculated for 

C31H53N5O4.O.5 K 2 0: C, 65.46; H, 9.57; N, 12.31. Found: 
C, 65.34; H, 9.97; N, 12.25. 

Following the 'procedures of Examples 24 and 25, the 
corresponding D-prolyi compound can also be prepared. 

20 

Example 2 6 

< 2R, 35* - - fN-bqn?vinwcarbnnvl-L-jcni p ucinvl- r,- 
isoleucinvl ) ami no-1- r N-isoamvl-N- f rpr r - 
25 butvlcarbamovl \ 1 

To N-Cbz-L-isoleucine hydroxysuccinimide ester (109 
mg; 0.3 0 mmol) was added the free base of the product of 
Example 4, Step E above (200 mg; 0.43 mmol) in DMF (12 

3 0 mL) and the reaction stirred at ambient temperature for 
18 hours. The reaction was concentrated and the residue 
dissolved in EtOAc (3 0 mL) . The organic solution was 
washed with saturated NaHC0 3 (30 mL) , then dried 
(Na2S0 4 ) . The solution was concentrated on a rotarv 

35 evaporator to a white solid, 168 mg (79%) . The product 
was identified by its NMR spectrum. 
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Example 27 



BUtanftamide. 2-f fN-mprWl aminnararyl l^inol -\t- n . 
f r r (1, 1-dimPt-hviPthyl laim'n olcarhnnvl ) r i- 

methvlbutvDqm-inol -2-hvrirn w-l-(nhPn V i mflrhv1 ) p^T"^ 1 - 
3 .3-tiiTnpr.hvl -, M r i R« t P« ) . 2.9*1 1 - 



.0 



Butaneamide, 2-[ (N, N-dimethylanunoacetyl) amino] -N- 
[3- [ [ [ (1, 1-dimethyiethyl) amino] carbonyl] (3- 
methylbutyl) amino] -2 -hydroxy- 1 - (phenylmethyl ) propyl] - 
3, 3 -dimethyl-, (1S-[1RMR*) , 2S*] ]-, as prepared in 
Example 1 herein, is administered to male rats (n=5) 
orally in water containing 0.5% mechylcellulose and 0.1% 
poiysorbate 80 in a total volume of 5 to 7 mL per 
5 kilogram. Blood samples are collected at 0.25, 0.50, 1 
2 and 4 hours. The samples for each time-ooint are 
pooled and extracted onto a 100 mg c 18 solid phase 

extraction column (SPEC) after prior treatment with 
methanol to denature plasma proteins. The extract is 

0 purified by washing the SPEC with water and collected 
after the addition of 1% formic acid in methanol to the 
SPEC. Concentration of the extract is achieved by 
evaporation and resolubilization in a small volume of 
water:acetonitrile (3:1, v/v) . The resolubilized 

5 extract is filtered through a 0.2 u filter and injected 
onto a liquid chromacograph coupled to a mass 
spectrometer, using a VG Trio 2 Mass Spectrometer, by 
means of a thermospray interface. The chromatographic 
separation is produced by use of a 10 cm (2 x 5 cm) YMC 

0 Basic column with a mobile phase of 

water racetonitrile: pyridine: formic acid (545:440:10:5, 
by volume) . Data are obtained for which the 
corresponding spectra and chrcmatogram from a standard 
of the synthesized metabolite can be favorably compared. 
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Example 28 

The compounds of the present invention are 
advantageously effective HIV protease inhibitors. 
5 Utilizing an enzyme assay as described below, the 
compounds set forth in the examples herein disclosed 
inhibited the HIV enzyme. The preferred compounds of 
the present invention and their calculated IC50 (the 
concentration at which the inhibitor compound reduces 

10 enzyme activity by 50%) values are shown in Table 2. 

The enzyme method is as follows. The substrate is 
2-aminobenzoyl-Ile-Nle-Phe (p-N02) -Gln-ArgNH2 . The 
positive control is MVT-101 (Miller, M. et ai, Science, 
246, 1149 (1989)) . The assay buffer is 20 mM sodium 

15 phosphate, pH 6.4, 20% glycerol, 1 mM EDTA, 1 mM DTT and 
0.1% CHAPS . The substrate is dissolved in DMSO, then 
diluted 10 fold in assay buffer. Final substrate 
concentration in the assay is about 80 JIM. HIV protease 
is diluted in the assay buffer to a final enzyme 

20 concentration of about 12.3 nanomolar, based on a 
molecular weight of 10,780. 

The final concentration of DMSO is about 14% and 
the final concentration of glycerol is about 18%. The 
test compound is dissolved in DMSO and diluted in DMSO 

25 to ten times (lOx) the test concentration. Ten 

microliters (10 |1L) of the enzyme preparation is added, 
the materials mixed and then the mixture is incubated at 
ambient temperature for 15 minutes. The enzyme reaction 
is initiated by the addition of 40 (IL of substrate. The 

30 increase in fluorescence is monitored at 4 time points 
(0, 8, 15 and 24 minutes) at ambient temperature. Each 
assay is carried out in duplicate wells. 

Example 2 9 

3 5 

The effectiveness of selected compounds of the 
present invention were determined in the above-described 
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enzyme assay and in a CEM cell assay. 

The HIV inhibition assay method of acutely infected 
cells is an automated tetrazolium based calorimetric 
assay essentially that reported by Pauwles et al, J. 
Virol. Methods 20, 309-321 (1988). Assays were 
performed in 96-well tissue culture plates. CEM cells, 
a CD4 + cell line, were grown in RPMI-1640 medium (Gibco) 
supplemented with a 10% fetal calf serum and were then 
treated with polybrene (2ug/ml) . An 80 ul volume of 
medium containing 1 x 104 cells was dispensed into each 
well of the tissue culture plate. To each well was 
added a lOOul volume of test compound dissolved in 
tissue cultur.e medium (or medium without test compound 
as a control)' to achieve the desired final concentration 
and the cells were incubated at 37 'c for 1 hour. A 
frozen culture of HIV-1 was diluted in culture medium to 
a concentration of 5 x 104 TCID50 per ml (TCID50 = the 
dose of virus that infects 50% of cells in tissue 
culture), and a 20 UL volume of the virus sample 
(containing 10 00 TCID50 of virus) was added to wells 
containing test compound and to wells containing only 
medium (infected control cells). Several wells received 
culture medium without virus (uninfected control cells). 
Likewise, the intrinsic toxicity of the test compound 
was determined by adding medium without virus to several 
wells containing test compound. In summary, the tissue 
culture plates contained the following experiments: 

Cells Drug Virus 



+ 



In experiments 2 and 4 the final concentrations of 
test compounds were 1, 10, 100 and 500 ug/ml . Either 
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5S 

azidothymidine { AZT) or dideoxyinosine (ddl) was 
included as a positive drug control. Test compounds 
were dissolved in DMSO and diluted into tissue culture 
medium so that the final DMSC concentration did not 
exceed 1.5% in any case. DMSO was added to all control 
wells at an appropriate concentration. 

Following the addition of virus, cells were 
incubated at 37 *C in a humidified, 5% C0 2 atmosphere for 
7 days. Test compounds could be added on days 0, 2 and 
5 if desired. On day 7, post-infection, the cells in 
each well were resuspended and a 100^1 sample of each 
cell suspension was removed for assay. A 2 0p.L volume of 
a 5 mg/ml solution of 3 - { 4 , 5 -dimethyithiazoi -2 -yl ) -2 , 5 - 
diphenyitetrazolium bromide (MTT) was added to each 
100p.L cell suspension, and the cells were incubated for 
4 hours at 27"C in a 5% - C0 2 environment. During this 
incubation, MTT is metabolically reduced by living cells 
resulting in the production in the cell of a colored 
formazan product. To each sample was added 100|ll of 10% 
sodium dodecylsulfate in 0.01 N HC1 to lyse the cells, 
and samples were incubated overnight . The absorbance at 
590 nm was determined for each sample using a Molecular 
Devices micropiate reader. Absorbance values for each 
set of wells is compared to assess viral control 
25 infection, uninfected control cell response as well as 
test compound by cytotoxicity and antiviral efficacy. 



ID 



20 
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TABLE 2 



Compound 

of IC 50 EC 50 TD 50 

Example No. (nM) 

45, 000 
45, 000 

10 4 13 91nM 55,000 
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10 


58nM 
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22nM 
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14 


w \J ill * 
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13 


G 1 nM 

— X ill X 
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14 
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14 




14 
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- wily / ITLLi 


15 


~ c 
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IS 


5 9ng/mL 


17 


10 




18 


10 


38ng/mL 


19 


2200 




20 
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21 


61% @ IQjiM 




22 


370 




23 


79 




24 


52 0 




25 


t j- 





The compounds of the present: invention are 
advantageously effective antiviral compounds and, in 
particular, are effective inhibitors of retroviruses, 
particularly, lentiviruses as shown above. Thus, the 
subject compounds are effective inhibitors of HIV. It 
is contemplated, that the subject compounds will also 
inhibit other strains of HIV, such as HIV- 2 and other 
viruses such as, for example, VIS-A virus and Simian 
Immunodeficiency virus (SIV), KTLV-i and HTLV-2 . Thus, 
the subject compounds are effective in the treatment 
and/or prophylaxis of retroviral infections. 

Compounds of the present can possess one or more 
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asymmetric carbon atoms and are thus capable of existing 
in the form of optical isomers as well as in the form of 
racemic or nonracemic mixtures thereof. The optical 
isomers can be obtained by resolution of the racemic 
5 mixtures according to conventional processes, for 
example by formation of diastereoisomeric salts by 
treatment with an optically active acid or base. 
Examples of appropriate acids are tartaric, 
diacetyltartaric, dibenzoyltartaric, ditoluoyl tartaric 

10 and camphorsulf onic acid and then separation of the 

mixture of diasterec isomers by crystallization followed 
by liberation of the optically active bases from these 
salts. A different process for separation of optical 
isomers involves the use of a chiral chromatography 

15 column optimally chosen to maximize the separation of 
the enantiomers. Still another available method 
involves synthesis of covaient diastereoisomeric 
molecules by reacting compounds of Formula I with an 
optically pure acid in an activated form or an optically 

2 0 pure isocyanate. The synthesized diastereoisomers can 
be separated by conventional means such as 
chromatography, distillation, crystallization or 
sublimation, and then hydrolyzed to deliver the 
enantiomericaiy pure compound. The optically active 

2 5 compounds of Formula I can likewise be obtained by 

utilizing optically active starting materials. These 
isomers may be in the form of a free acid, a free base, 
an ester or a salt. 

The present invention is also meant to include the 

3 0 solvate or hydrates of the compounds of the formula I, 

when possible, and are prepared or isolated by methods 
known in the art . 

The compounds of the present invention can be used 
in the form of salts derived from inorganic or organic 
35 acids. These salts include but are not limited to the 
following: acetate, adipate, alginate, citrate, 
aspartate , benzoate , benzene sui f onate , bisuif ate , 
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butyrate, camphorate, camphorsulf onate, digluconate, 
cyclopentanepropionate, dodecyl sulfate, ethanesulf onate, 
glucoheptanoate, glycerophosphate, hemisulf ate, 
heptanoate, hexanoate, fumarate, hydrochloride, 
5 hydrobromide, hydroiodide, 2 -hydroxy-ethanesulf onate, 
lactate, maleate, methanesulf onate, nicotinate, 2- 
naphthalenesulf onate, oxalate, palmoate, pectinate, 
persulfate, 3 -phenylpropionate, picrate, pivalate, 
propionate, succinate, tartrate, thiocyanate, tosylate, 

10 mesylate and undecanoate. Also, the basic nitrogen- 
containing groups can be quatemized with such agents as 
lower alkyl halides., such as methyl, ethyl, propyl, and 
butyl chloride, bromides, and iodides; diaikyl sulfates 
like dimethyl 1 , diethyl, dibutyl, and diamyl sulfates, 

15 long chain halides such as decyl, lauryl, myristyl and 
stearyl chlorides, bromides and iodides, aralkyl halides 
like benzyl and phenethyl bromides, and others. Water or 
oil-soluble or dispersible products are thereby 
obtained. 

20 Examples of acids which may be employed to form 

pharmaceutically acceptable acid addition salts include 
such inorganic acids as hydrochloric acid, sulphuric 
acid and phosphoric acid and such organic acids as 
oxaiic acid, maleic acid, succinic acid and citric acid 

25 preferably hydrochloride salt. Other examples include 
salts with alkali metals or alkaline earth metals, such 
as sodium, potassium, calcium or magnesium or with 
organic bases. Total daily dose administered to a host 
in single or divided doses may be in amounts, for 

30 example, from 0.01 to 50 mg/kg body weight daily and 

more usually 0.1 to 3 0 mg. Dosage unit compositions may 
contain such amounts of submultiples thereof to make up 
the daily dose. 

The amount of active ingredient that may be 

35 combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated 
and the particular mode of administration. 
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The dosage regimen for treating a disease condition 
with the compounds and/or compositions of this invention 
is selected in accordance with a variety of factors, 
including the type, age, weight, sex, diet and medical 

5 condition of the patient, the severity of the disease, 
the route of administration, pharmacological 
considerations such as the activity, efficacy, 
pharmacokinetic and toxicology profiles of the 
particular compound employed, whether a drug delivery 

0 system is utilized and whether the compound is 

administered as part of a drug combination. Thus, the 
dosage regimen actually employed may vary widely and 
therefore may deviate from the preferred dosage . regimen 
set forth above . 

5 The compounds of the present invention may be 

administered orally, parenterally , by inhalation spray, 
rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutically 
acceptable carriers, adjuvants, and vehicles as desired. 

0 Topical administration may also involve the use of 

transdermal administration such as transdermal patches 
cr iontophoresis devices. The term parenteral as used 
herein includes subcutaneous injections, intravenous, 
intramuscular, mtrasternai injection, or infusion 

5 techniques . 

Injectable preparations, for example, sterile 
injectable aqueous or oleaginous suspensions may be 
formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 

0 sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for example, 
as a solution in 1 , 3 -butanediol . Among the acceptable 
vehicles and solvents that may be employed are water, 

5 Ringer ' s solution, and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent cr suspending 
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medium. For this purpose any bland fixed oil may be 
employed including synthetic mono- or diglycerides . In 
addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

Suppositories for rectal administration of the drug 
can be prepared by mixing the drug with a suitable 
nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
temperatures but liquid at the rectal temperature and 
will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may 
include capsules, tablets, pills, powders, and granules. 
In such solid : dosage forms, the active compound may be 
admixed with at least one inert diluent such as sucrose 
15 lactose or starch. Such dosage forms may also comprise, 
as in normal practice, additional substances other than 
inert diluents, e.g., lubricating agents such as 
magnesium stearate. In the case of capsules, tablets, 
and pills, the dosage forms may also comprise buffering 
20 agents. Tablets and pills can additionally be prepared 
with enteric coatings. 

Liquid dosage forms for oral administration may 
include pharmaceutically acceptable emulsions, 
solutions, suspensions, syrups, and elixirs contaxning 
25 inert diluents commonly used in the art, such as water. 
Such compositions may also comprise adjuvants, such as 
wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

While the compounds of the invention can be 
administered as the sole active pharmaceutical agent, . 
they can also be used in combination with two or three 
other antiviral agents which are effective against KIV- 
1. Such compounds include, but are not limited to; 
other HIV-1 protease inhibitors as disclosed in co-owned 
and co-filed with this application US Patent: Application 
(Attorney Docket No. 2816) incorporated herein by 
reference in its entirety, various nucleoside analogs 



30 



35 
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nonnucieoside reverse transcriptase inhibitors, tat 
antagonists and glyccsidase inhibitors. 

Examples of HIV- I protease inhibitors include, but 
not limited to, Ro 31-3955 (Roberts, N.A. et al. Science 
5 1990, 248, 358-361 and Drugs of the Future 1991, 16(3), 
210-212), KNI-272, (Kagayama, S., et al . Antimicrobial 
Agents and Chemotherapy 1993, 510-817), the cyclic urea 
series (Lam, P., et ai . , "De Novo Design and Discovery 
of Potent, Nonpep tidal HIV-1 Protease Inhibitors," paper 

10 96 at the 2 05th American Chemical Society National 

Meeting, Medicinal Chemistry Division, Denver, CO, March 
28-April 2, 1993), L-725,524 (Dorsey, B.D., et al . , "L- 
735,524: The Rational Design of a Potent and Orally 
Bioavaiiable ; KIV Protease Inhibitor, " paper 6 at the 

15 206th American Chemical Sociecy National Meeting, 

Medicinal Chemistry Division, Chicago, XL, August 22-27, 
1993) and analogs thereof. Additional examples include 
V. Kalish, "Lead Optimization Utilizing Iterative 
Protein Structure-Based Drug Design: Potent, Orally 

20 Bioavaiiable HIV Protease Inhibitors," 35th Annual 

Buffalo Medicinal Chemistry Meeting, State University of 
New York at Buffalo , Buffalo, NY, May 22-25, 1994; and 
S. Thaisrivongs , "Structure-Based Design of Non-Peptide 
HIV Protease Inhibitors , " 25th Annual Buffalo Medicinal 

25 Chemistry Meeting, State University of New York at 
Buffalo, Buffalo, NY, May 22-25, 1994. 

Examples of competitive nucleoside analogs include, 
but are not limited to, AZT, DDI, DDC, 3TC, D4T and 
PMEA. Examples of non- nucleoside , non-competitive 

30 reverse transcriptase inhibitors include, but are not 
limited to, the pyridone class (Wei, J.S., et al. J. 
Med. Chem. 1993, 35, 249-255; Hoffman, J.M., et al . J. 
Med. Chem. 1992, 35, 2784-3791; Saari et al . J. Med. 
Chem. 1992, 25 3792-3802; Drugs of the Future 1992, 

25 17(4), 283-285, and analogs thereof); the bis- 

(heteroaryl ) piperazines class (Romero, D.L., et al. J. 
Med. Chem. 1993, 2 5, 1 5 0 5 - 1 5 0 S ; Romero, D.L., et al. 
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Proc. Natl. Acad. Sci. USA 1991, 34, 746-751 and 3187- 
3198; and analogs thereof) and the tricyclic 
pyridobenzo- and depyridodiazepinones (Hargrave, K.D., 
J. Med. Chem. 1991, 34, 2231-2241; Merluzzi, M.J. 

5 Science 1990, 250, 1411-1413; and analogs thereof) and 
5-chloro-3- (phenylsuif onyl) indole-2 -carboxamide and its 
analogs (Williams, T.M. et ai . , J. Med. Chem. 1993, 36, 
1291-1294) . Examples of tat antagonists include, but 
are not limited to, Ro 5-3335 and Ro 24-7429 (Hsu, M.C. 

0 et al., Proc. Natl. Acad. Sci. USA 1993, 909, 6395-6399; 
Tarn, S. et al., "TAT INHI3IT0RS : A NEW CLASS OF ANTI- 
HIV AGENTS," paper 372, at the 204th American Chemical 
Society National Meeting, Organic Chemistry Division, 
Washington, DC, August 23-28, 1992) and analogs thereof. 

5 Examples of glycosidase inhibitors include, but are not 
limited to, castanospermine, castanospermine 6-butryl 
ester, N-butyl-l-deoxynoj irimycin, N-butyl-1- 
deoxynojirimycin per-butryl ester and analogs and 
prodrugs thereof. 

0 When administered as a combination, the therapeutic 

agents can be formulated as separate compositions which 
are given at the same time or different times, or the 
therapeutic agents can be given as a single composition. 
The compounds of the present invention are 

5 effective antiviral compounds and, in particular, are 
effective retroviral inhibitors as shown above. Thus, 
the subject compounds are effective HIV protease 
inhibitors. It is contemplated that the subject 
compounds will also inhibit other retroviruses such as 

0 other lentiviruses in particular other strains of HIV, 
e.g. HIV-2 , human T-cell leukemia virus, respiratory 
syncitial virus, simia immunodeficiency virus, feline 
leukemia virus, feline immuno-def iciency virus, 
hepadnavirus, cytomegalovirus and picornavirus . Thus, 

5 the subject compounds are effective in the treatment 
and/or proplylaxis of retroviral infections. 

The subject compounds are also effective in 
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preventing the growth of retroviruses in a solution. 
Both human and animal cell cultures, such as T- 
lymphocyte cultures, are utilized for a varietv of well 
known purposes, such as research and diagnostic 
5 procedures including calibrators and controls. Prior to 
and during the growth and storage of a cell culture, the 
subject compounds may be added to the cell culture 
medium at an effective concentration to prevent the 
unexpected or undesired replication of a retrovirus that 

10 may inadvertently or unknowingly be present in the cell 
culture. The virus may be present originally in the 
cell culture, for example HIV is known to be present in 
human T- lymphocytes long before it is detectable in 
blood, or through exposure to the virus. This use of 

15 the subject compounds prevents the unknowing or 

inadvertent exposure of a potentially lethal retrovirus 
to a researcher or clinician. 

The foregoing is merely illustrative of the 
invention and is not intended to limit the invention to 

20 the disclosed compounds. Variations and changes which 

are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are 
defined in the appended claims. 

From the foregoing description, one skilled in the 

25 art can easily ascertain the essential characteristics 

of this invention, and without departing from the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. 
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WHAT IS CLAIMED IS: 

1. A compound of the formula (I] 




(I) 

or a pharmaceutical^ acceptable salt or ester thereof, 
wherein R 1 is iso-propyl, sec-butyl, tert-butyl, 
-C(CH 3 ) 2 (SCH 3 ) , -C(CH 3 ) 2 (S{0}CH 3 ) Or -C (CH 3 ) 2 (S{0 2 }CH 3 ) ; 
and R2 is N-methyl-L-alaninyl, N-methyl-D-alaninyl, 
glycinyl, N-methyiglycinyl , L-prolyl, D-prolyl or L- 
isoleucinyl, each of which is optionally substituted on 
the nitrogen atom with benzyloxycarbonyl or tert- 
butoxycarbonyl . 

2. The compound of Claim I which is 
(2R, 3S) -3- (N-methyiaminoacetyl-L-tert- 
butylglycinyl) amino- 1- [N-isoamyl-N- ( tert- 
butyl carbamoyl } ] amino-4 -phenyl -2 -butanol; 

(2R, 3S) -3- ( N-methylaminoacetyl -L-valinyi ) amino-1- [N- 
isoamyl-N- ( tert-butyicarbamoyl ) j amino-4 -phenyl -2- 
butanol ; 



15 (2R, 3S) -3- (N-methyiaminoacetyl-L-isoleucinyl) amino-l-[N- 
isoamyl-N- { tert -butyl carbamoyl ) ] ammo- 4 -phenyl -2 - 
butanol 



0 



(2R, 3S) -3- (N,N-dimethylaminoacetyl-L-isoleucinyl)amino- 
1- [N-isoamyl-N- (tert -butylcarbamoyl) ] amino-4 -phenyl -2- 
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butanol ; 

(2R, 3S) -3- (N-methylaminoacetyi-S -methyl -L- 
penicillaminyl) amino-1- [N-isoamyl-N- (tert- 
5 butylcarbamoyl) ] amino-4 -phenyi-2 -butanol ; 

(2R, 3S) -3- (N, N-dimethylaminoacetyl-S -methyl -L- 
penicillaminyl) amino-1- [N-isoamyl-N- ( tert- 
butylcarbamoyl ) ] amino -4 -phenyl -2 -but anol ; 

10 

(2R, 3S) -3- (N-methyl-L-alaninyl-L-tert- 
butylglycinyl) amino-1- [M-isoamyi-N- (cert- 
butyl carbamoyl ) ] amino- 4 -phenyl- 2 -butanol ; 

15 (2R, 3S) -3- <N-methyl-D-alaninyl-L-tert- 

butylglycinyl) amino-1- [N-isoamyl-N- ( tert- 
butyl carbamoyl ) ] amino-4 -phenyl -2 -butanol ; 

(2R, 3SJ -3- (glycinyl-L-tert-butylglycinyl) amino-1- [N- 
20 isoamyl-N- (tert -butylcarbamoyl) 3 amino-4 -phenyl -2- 
butanol ; 

(2R, 3S) -3- (L-prolyl -L- tert -butylglycinyl) amino-1- [N- 
isoamyl-N- (tert -butylcarbamoyl) ] amino-4 -phenyl -2- 
25 butanol; 

(2R, 3S) -3- (D-prolyl-L-tert-butylglycinyl) amino-1- [N- 
isoamyl-N- (tert -butylcarbamoyl) ] amino-4 -phenyl -2- 
butanol ; 

30 

(2R f 33) -3- (N-methyl-D-alaninyl-L-isoleucinyl) amino-1- [N- 
isoamyl-N- (tert -butylcarbamoyl) j amino-4 -phenyl -2- 
butanol; or 

35 (2R, 35) -3- (L-prolyi-L-isoieucinyl ) amino-1- [N-isoamy 1-N- 
( tert -butylcarbamoyl) ] amino-4 -phenyl -2 -butanol . 
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3 . The compound of Claim 2 which is the 
hydrochloride salt or mesylate salt of the compound. 

4. The compound of Claim 2 which is (2R, 3S) -3- (N- 

5 methylaminoacetyl-L-tert-butylgiycinyl) amino- 1- [N- 

isoamyi-N- (tert-butylcarbamoyl) ].amino-4-phenyl-2 -butanol 
or its hydrochloride salt. 

5. The compound of Claim 1 which is 

0 (2R, 3S) -3- (N-benzyloxycarbonyl-N-methyl-L-alaninyl-L- 
tert-butylglycinyl) amino-1- [N-isoamyl-N- (tert- 
butylcarbamoyl) ] amino-4 -phenyl -2 -butanol ; 

(2R, 3S) -3- (N-benzyloxycarbonyl-N-methyl-D-alaninyl-L- 
5 tert-butylglycinyl ) amino-1- [N-isoamyl-N- (tert- 
butylcarbamoyl ) ] amino-4 -phenyl -2 -butanol ; 

(2R, 3S) -3- (N-tert-butoxycarbonyl-glycinyl-L-tert- 
butylglycinyl) amino-1- [N-isoamyl-N- ( tert- 
0 butylcarbamoyl) ] amino-4 -phenyl -2 -butanol ; 

{ 2R, 35) -3 - (N-benzyloxycarbonyi-L-proiyl-L-tert- 
butylgiycinyl) amino-1- [N-isoamyl-N- (tert- 
butylcarbamoyl ) ] amino-4 -phenyl -2 -butanol ; 

5 

(2R, 35) -3- (N-tert-butoxycarbonyl-L-proiyl-L-tert- 
butylgiycinyl ) amino-1- [N-isoamyl-N- ( tert- 
butylcarbamoyl ) ] amino-4 -phenyl -2 -butanol ; 

0 (2R, 35) -3- (N-benzylcxycarbonyl-N-methyl-D-aianinyl-L- 
isoleucinyl) amino-1- [N-isoamyl-N- ( tert- 
butylcarbamoyl ) ] amino-4 -phenyl -2 -butanol ; 

(2R, 35) -3- (N-benzyloxycarbonyl -L-prolyl-L- 
5 isoieucinyl ) amino-1- [N-isoamyl-N- ( tert- ■ 

butylcarbamoyl) ] amino-4 -phenyl -2 -butanol ; or 
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(2R, 35) -3- (N-benzyloxycarbonyl-L-isoieucinyl-L- 
isoieucinyi) amino- 1- [N-isoamyl-N- ( tert- 
bucyl carbamoyl) ] amino- 4 -phenyl -2 -butanol . 

6. A pharmaceutical composition comprising a 
compound of Claim 1 and a pharmaceutical^ acceptable 
carrier . 



7. A pharmaceutical composition comprising a 

10 compound of Claim 4 and a pharmaceutical ly acceptable 
carrier. 

8. A method of inhibiting a retroviral protease 
comprising administering an effective amount of the 

15 composition of Claim 6. 



9. A method of inhibiting a retroviral protease 
comprising administering an effective amount of the 
composition of Claim 7. 

20- 

10. The method of Claim 9 wherein the retroviral 
protease is human immunodeficiency virus protease. 

11. A composition comprising a mixture of (2R, 3S) - 
25 3 - (N-methylaminoacetyl-L-tert-butylglycinyl) ammo- 1 - [N- 

lsoamyl-N- ( tert-butyicarbamoyl ) ] amino- 4 -phenyl -2 -butanol 
or its hydrochloride salt and ( 2R, 3S) -3 - (N, N- 
dimethylaminoacetyl-L-tert-butylglycinyl ) amino- 1 - [N- 
isoamyl-N- ( tert-butyicarbamoyl) ] ammo-4 -phenyl -2 -butanol 
30 or its hydrochloride salt. 



12. A composition comprising a mixture of (2R,3S>- 
3 - (N-methylaminoacetyl-L-isoleucinyi ) amino- 1- [N-isoamyl- 
N- (tert-butyicarbamoyl) ] ammo-4 -phenyl -2 -butanol or its 
35 hydrochloride salt and (2R, 3S) -3 - (N,N- 

dimethyiaminoacetyl-L-isoleucinyl) amino-1- [N-isoamyl-N- 
( tert-butyicarbamoyl) ] ammo-4 -phenyl -2 -butanol or its 
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hydrochloride salt. 

13. A method of treating a retroviral infection in 
a mammal suffering therefrom comprising administering to 
5 said mammal an effective amount of a compound of the 
formula 



10 




or a pharmaceutical!-/ acceptable salt thereof, wherein 
R 1 is iso-propyl, sec-butyl, tert-butyi, -C (CH 3 ) 2 <SCH 3 ) , 
-C{CH 3 )2(S{0}CH 3 ) cr -C{CH 3 )2(S{0} 2 CH 3 ) . 



5 14. The method of claim 13 wherein the mammal is a 

human and the retrovirus is immunodeficiency virus. 

15. A method of treating a retroviral infection in 
a mammal suffering therefrom comprising administering to 
0 said mammal an effective amount of a compound of Claim 1 
and at least one antiviral agent which is nucleoside 
analog, nonnucleoside reverse transcriptase inhibitor, 
tat antagonist or glyccsidase inhibitor. 
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16. The mechod of Claim 15 wherein said nucleoside 
analog is AZT, DDI, DDC , 3TC, DAT or PMEA and said 
glyccsidase inhibitor is cascanospermine or N-butyl-1- 
5 deoxyno j irimycin . 
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